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FOREWORD 
Thirteen Agricultural Experiment Stations in the Midwest joined 
in a research project entitled, ";\.djustments in Livestock Marketing in 
the North Central States to Changing Patterns of Production and Con­
sumption." Agricultural economists, named on Regional Project Com­
mittee above, have made extensive analyses of data on the geographical 
movement of livestock and meat in the United States in 1955 and 
1960 and have made projections for future years. This publication is 
one of a series eminating from these studies. 
Because of the large number of farms and businesses engaged in 
providing the Nation's meat supply and the importance of meat in 
the American diet, this study should have widespread significance. In 
a dynamic society in which the human population is migrating from 
rural to metropolitan areas and in which some metropolitan areas 
grow more rapidly than others, there must be a continuous change in 
the ultimate destination of the meat supply. Likewise, as farm tech­
nology and production patterns change, there is a continuous change 
in the sources of supply. Businesses and industries engaged in the 
marketing, processing and distribution of livestock and meat must 
continuously adjust to these changing conditions. Studies that throw 
light on these changes can provide valuable information to those who 
must make decisions in these business operations. It is to those farmers 
and ranchers, marketing and transportation agencies, processors, whole­
salers and retailers who are engaged in the complex livestock and meat 
industry that the study is addressed. 
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I. Spatial Analyses of 
the Meat Marketing Sector 
in 1955 and 1960* 
G. G. JuoGE, J. HAVLICEK and R. L. RizEKf 
I. INTRODUCTION 
The livestock products sector is a complex com­
posed of the activities of production, farm market­
ing, slaughtering, distribution and consumption. 
The level of each of these activities varies spatially 
and thus regional imbalances are generated which 
make necessary product flows between the geo­
graphical areas. Within this setting this study is 
concerned with an interregional analysis of the live­
stock meat sector of the U. S. economy. Thus, spa­
tial slaughter-consumption relations will be basic 
observations for this analysis. In this study regional 
demands are reflected by price dependent demand 
relations or specific estimates of consumption. Reg­
ional supplies are dressed carcass weights of live­
stock slaughter within the regions. 
In particular for the beef, pork, veal, and lamb 
and mutton sectors for the years 1955 and 1960 
answers will be sought to the following questions: 
1. What are the levels of regional demand for 
each of these meat products? 
2. What are the levels of regional supply for 
each of these products? 
3. What is the aggregate interregional trade for 
each meat product for each year? 
4. For each commodity and for each year, 
what regions import, export or do neither? 
5. What are the levels of regional exports and 
imports for each region, commodity and year? 
6. What is the "optimum" volume and direc­
tion of trade between all possible pairs of 
regions for each commodity and each year? 
7. What are the optimum price differentials 
between regions for each commodity and 
year? 
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8. What is the total transport cost for the ag­
gregate trade of each commodity and year? 
9. What is the impact of alternative ways of 
estimating regional meat consumption on the 
interregional flows and price differentials? 
In the following pages the results that are gener­
ated by these questions will be given and the impli­
cations and uses of the results will be discussed. 
II. THE MODEL 
A. The General Framework and Assumptions 
The particular problem under study may be 
viewed within the general framework of equilibr­
ium among spatially separated markets1 and may 
be stated as follows: There are n regions trading a 
homogeneous commodity or commodities. Each 
region constitutes a single demand and supply for 
the commodity or commodities. The regions are 
separated but not isolated by a physical unit trans­
port cost for each commodity. For each region the 
*This is the first in a series of three North Central regional bulletins 
concerned with the spatial structure of the livestock marketing sys­
tem. As such, the studies will be concerned with estimating the region­
al level and location of livestock production, slaughter and meat con­
sumption and deriving the competitive prices and flows for four types 
of livestock and meat in 1955 and 1960. The titles of the three studies 
reported in this phase of the regional e<ffort are: I. Spatial Analyses of 
the Meat Marketing Sector in 1955 and 1960. II. Spatial Analyses of 
the Flows of Slaughter Livestock in 1955 and 1960. III. Joint Spatial 
Analyses of Regional Slaughter and the Flows and Pricing of Live­
stock and Meat. 
1 Professor of agricultural economics, University of Illinois; assistant 
professor of agricultural economics, Purdue University; and regional 
coordinator of NCM-25, MED-ERS, USDA, Iowa State University. 
The authors are happy to acknowledge the assistance of Peter Silvia 
and Penny Morris in carrying through the many research phases un· 
derlying this study and the efforts of Mary Jo Scanlan in typing the 
"rough" drafts of the manuscript. 
1 For a discussi)n of this framework, see S. Enke, "Equilibrium Among 
Spatially Separated Markets," Econometrica, 19:40-48, 1951; P. A. 
Samuelson, "Spatial Price Equilibrium and Linear Programming," 
American Economic Review, 42 :283-303, 1952; G. G. Judge and T. D. 
Wallace, "Spatial Price Equilibrium Analysis of the Livestock Economy," 
Technical Bulletin 78, Oklahoma Experiment Station, 1959. 
demand for and supply of each commodity is 
known, and therefore the excess demands and sup­
plies are also known; i.e., the amount by which 
each region is surplus or deficit in each commodity 
is known. Given the regional excess demands and 
supplies and transport costs, the problem is to find 
the volume and direction of flows for each commod­
ity between each pair of regions that will maximize 
returns to each supply source and permit the com­
modity or commodities to be distributed at a mini­
mum total transport cost. 
Within this general framework, the following 
restrictions and assumptions are made for the par­
ticular problem under study. Perfectly competitive 
behavior assumptions dictate the requirements for 
the regional pattern of price differentials and flows 
of the meat products. Thus, each regional firm is 
assumed to have the objective of maximizing profits 
and making shipment decisions that will yield the 
greatest per unit return; i.e., it will attempt to dis­
pose of its supplies at the maximum prices. Also, 
the price of each type of meat in two different 
regions can differ at most by the unit cost of trans­
portation from the region of lower price to the 
region of higher price. 
The supply and demand sources for each geo­
graphical region are represented by a single-fixed 
point within the region; intraregional shipments of 
the meat products are not considered. It is assumed 
that for any particular time period regional de­
mands for and supplies of each meat product are 
known or that single-valued estimates of these quan­
tities can be derived. All regions are connected by 
transport costs that are independent of the volume 
of trade, and the flows of meat products among 
regions are assumed to be free of restrictions. It is 
further assumed that the consumers of each type of 
meat product are indifferent about the source of 
supply and that each type of meat product is homo­
geneous. For any time period, domestic total de­
mands and supplies of each type of meat are as­
sumed to be equal. 
Each type of meat is produced and consumed in 
all regions, but meat consumed out of local produc­
tion does not require transporting because each 
region is represented by a point. Also, obviously, 
there can be no negative shipments of meat. Given 
the profit-maximizing assumption, there is no cross­
hauling of the products, and therefore, deficit re­
gions do not export and surplus regions can export 
only to deficit regions. 
B. The Transportation Model 
The regional demand for and supply of each 
commodity is known, as well as the surplus and 
deficit regions and the quantities involved in each 
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case. With this information plus relevant transpor­
tation costs, the determination of minimum-cost 
flows for each commodity may be treated as a lin­
ear programming problem.2 In formulating this 
problem let: 
1,7 denote regions with i == l,2, ... ,n and j == 
l,2, ... ,m. 
m denote the amount of product available 
for export from the ith region. 
bi denote the amount of meat demanded 
by the jth region. 
Cii denote the unit transport cost of ship­
pin� a .meat product from region i to region J. 
Xii denote the amount of a meat product 
that flows from region i to region j. 
With the symbols defined as above, the problem 
may be stated algebraically as finding a set of Xii 
(flows) such that: 
r.ExiJCiJ = minimum 
ij 
(1) 
subject to 
and 
Dctj J 
= a1; i = 1,2, ... ,n (2) 
Dctj = b j ; j = 1, 2, ... ,.m 1 (3) 
D3.1 = .Ebj 2/ 
i j 
(4) 
XiJ � 0 for all i and j. (5) 
There are many solutions to Equations (2) and (3) 
which satisfy Equations ( 4) and (5) and, given any 
feasible solution of n + m - 1 shipments, the simplex 
method provides a means of finding the optimum 
shipment program, i.e., the one that will satisfy Equa­
tion (1) subject to Equations (2), (3), (4), and (5). 
Given the direct solution to the transportation 
problem ( the optimum set of geographical flows), 
we may now consider regional price differentials, 
which are the prime allocators of regional distribu­
tion. As in any linear programming problem, the solu­
tion implicitly places values on the various inputs 
2For a discussion of the linear programming transportation problem, see 
G. B. Dantzig, "Application of the Simplex Method to a Transportation 
Problem," in Activity Analysis of Production and Allocation, edited by 
T. C. Koopmans, New York, John Wiley and Sons, 1951, pp. 359-73; R. 
Dorfman et al., Linear Programming and Economic Analysis, New 
York, McGraw-Hill Book Co., 1958, pp. 106-29; G. G. Judge and T. D. 
Wallace, op. cit., pp. 12-16 and 49-56. 
3Situations where total supply is not equal to total demand may be hand­
led by introducing either a dummy surplus or deficit region. 
and/or outputs. With the aid of the duality theorem 
of linear programming, a unique set of regional price 
differentials may be derived which correspond to the 
optimum set of flows. Thus, in a minimum-cost trans­
portation solution, the dual problem is concerned 
with deriving that set of regional price differentials 
which is consistent with the optimum set of flows. 
In developing the dual formulation, let Vj be associat­
ed with the destinations and Ui be associated with the 
origins or supply points. The problem may then be 
stated algebraically as one of maximizing 
.Eb JV  J - .Ea.1 Ui = s = Maximum ( 6)  
J i 
subject to 
VJ - Ui $ Ci J 
Ui , VJ 2:: 0 
( 7 )  
( 8 ) 
111 Equation ( 6) the maximum S is equal to the 
total cost of transportation derived in the minimum 
tormulation; i .e., Equation ( 1) is equal to Equation 
( 6). Therefore, the maximum problem may be 
thought of as finding the values of Ui and Vj that will 
maximize the total gain in value of amounts shipped 
subject to nonpositive profits on each shipment. Thus, 
it is possible to interpret Ui as the value of the product 
at the supply origin i, and Vj as the value of the product 
delivered at destination j. 
Equation (7), then, may be written as : 
( 9 ) 
This relationship now states that for any supply­
destination pair, the value at the destination or de­
mand point must be no greater than the value at the 
supply point plus transportation cost. If some surplus 
.::-egion is chosen as the base, then a set of price differ� 
�ntials is generated subject to this choice. 
!n addition to providing estimates of the price 
differentials, Ui and Vi also provide two other types 
of information : ( 1) the values of Ui measure the 
comparative price advantage of the surplus regions, 
and (2) the values of Vj are delivered price differ­
entials that correspond to the most economical alloca­
tion of supply from the viewpoint of minimum ag­
gregate transportation cost. These outcomes are the 
competitive equilibrium solutions that would result 
from the efforts of firms at the supply points to dis­
pose of their supplies at the maximum possible prices, 
and the solution to the value and flow problems is 
simultaneous and interdependent. 
C. The Spatial Price Equilibrium Model 
The previous model considered the case of region­
al demands and supplies that are fixed or predeter-
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mined. However, if information is available concern­
ing the regional demand and/or supply relations, then 
the process of determining a competitive equilibrium 
solution becomes more complicated. Under this situa­
tion one has the task of determining the regional 
prices, demands and/or supplies, and the interregion­
al flows consistent with competitive behavior. Several 
alternatives exist for obtaining a solution under this 
specification and these alternatives are discussed in a 
research report by Takayama and Judge.4 Thus, it 
should be sufficient here to sketch the joint product 
model and method employed in this study. As a basis 
for this specification assume the following regional 
linear demand functions for the two products, pork 
and beef : 
Y1i = �101 + �12i ( Y20 + d1 ) 
+ �131 ( Y30 + e1 )  
Y4i = �201 + �221 ( Y20 + di ) 
( 10) 
+ �231 ( Y30 + e1 )  ( 11) 
where yu and Y4i denote the regional consumption 
of pork and beef; y20 and y30 denote the price of 
pork and beef in the "base" region, and di and fi de­
note the price differentials for pork and beef between 
the base region and ith region. /311ki denotes the 
estimated regional behavior coefficients. The pro­
ducts are assumed to be substitutes for each other and 
/313i, /322i > 0 and /312i, /323i < 0. The regional pnces 
for pork and beef are y2i = y20 + di and Y3i = y30 
+ ei.Equations (10) and (11) contain six unknowns 
which under present specifications are indeterminate. 
If, however, the price differentials ei and di are as­
sumed initially to be zero for all i, then the unknowns 
are reduced to four. By summing each demand rela­
tion over all regions, the total demand for each 
product 
( ) fY 1i and fY 4i 
may be set equal to total supply, which is assumed 
known, and the resulting equations are : 
�Y1i L$1oi = Y20 L$12i + Y3o L$13i ( 12) 
1 i i i 
Ly41 - �$201 = Y20 L$22i + Yso L$2si ( 13 )  
i i i i 
Equations (12) and (13) contain only two un­
knowns and thus may be solved for equilibrium val­
ues of y20 and y�o ( the regional prices). These values 
4T. Takayama and G. G. Judge, "Non-Linear Formulations of Spatial 
Equil ibrium Models and Methods for Obtaining Sol utions," University of 
I l l inois Research Report AERR-66, November 1 963.  For an application 
of a joint spatial price equilibrium model see : Y. H. Chuang and G. G. 
Judge, "'Sector and Spatial Anal yses of the United States Feed Econo­
my,' '  I l l inois Experiment Station, Bulletin 699, 1 964 .  
(prices) may then be substituted into Equations ( 10) 
and ( 11) and the regional demands for each product 
determined. By then comparing the regional de­
mands with regional supplies, the surplus and deficit 
regions may be generated. Given the surplus and 
deficit regions and the quantitites involved along 
with the relevant transport costs, a transportation 
linear programming model may then be solved 
for the optimum flows for each product. The set of 
price differentials consistent with these flow solutions 
provides estimates for ei and di which appear in ( 10) 
and ( 11). Using these estimated price differentials, 
� and fl, a new set of base region prices and demands 
is computed and the process of computing optimum 
flows and price differentials is repeated until stability 
is achieved in the iterative procedure in terms of 
flows, demands, price differentials and base regional 
prices. The resulting values reflect a joint product 
competitive equilibrium outcome for each of the 
market variables. 
III. THE BASIC DATA 
Given the conceptual framework and the specifi­
cation of the type of data needed, we present in this 
section the basic data used in describing the spatial 
structure of the meat products sector in 1955 and 1960. 
A. Regional Demarcation 
The continental U. S. was partitioned into 26 
geographically contiguous regions. States are the 
smallest geographical units for which data are avail­
able and thus each region is composed of one or more 
states. Each regional market or source of supply is re­
presented by a point that is identified with a city near 
the geographical center of each area. The regional 
specification is given in Table 1. 
B. Data Relating to Regional Population and Income 
1. Population 
Since most basic data concerning the consump­
tion of each type of meat is given on a per capita basis, 
regional population is needed to derive regional con­
sumption estimates. Resident population by states 
( including armed forces stationed in the area) for 
1955 and preliminary population by states for 1960 
were used to obtain population estimates for the 26 
regions. '  These estimates are given in Table 2. 
2. Income 
In deriving some of the consumption estimates, 
regional adjustments were made based on regional 
income levels . For this purpose per capita disposable 
income data by states were converted to regional data 
by averaging the regional components. Data were 
available for 1955, but not for 1960. 6 To generate 
regional estimates for 1960, per capita personal in-
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come was reduced by the same percentage difference 
in personal income and disposable income as existed 
in 1959.7 A population weighted average of the com­
ponent states of each region was computed. The re­
sulting regional income estimates are given in -rable 
2. Alternative spendable income estimates for 1960, 
which agree quite well with the 1960 estimates re­
ported in Table 2, were generated by Sales Manage­
ment Magazine by projecting 1959 spendable income 
figures.8 
"Statistical Abstracts of the U. S. 1 96 1 ,  U. S. Dept. of Commerce, June 
1 9 6 1 ,  p .  1 0 .  
0Survey of Current Business, U. S. Dept. of Commerce, August 1 960,  
p.  1 2 .  
7ibid, August 1 960 and April 1 96 1 ,  p.  1 3 .  
8"Survey o f  Buying Power," Sales Management Magazine, May 1 9 6 1 ,  pp. 
7 1 -33 1 .  
Table 1 .  Regional Demarcation and Demand and 
Supply Points 
Regions State (s) 
Connecticut, Maine, Massachu­
setts, New Hampshire, Rhode 
Demand and Supply Points 
Island, Vermont ____________________________ Boston, Mass. 
2 Delaware, Maryland, New Jersey, 
New York, Pennsylvania, Wash-
ington, D. C. ---------------------------------- Philadelphia, Pa. 
3 North Carolina, Virginia, West 
Virginia ------------------------------------------ Richmond, Va. 
4 Florida -------------------------------------------- Orlando, Fla. 
5 Georgia, South Carolina ______________ Atlanta, Ga. 
6 Alabama, Mississippi ____________________ Columbus, Miss . 
7 Kentucky, Tennessee ____________________ Nashville, Tenn. 
8 Ohio ------------------------------------------------ Columbus, Ohio 
9 Indiana -------------------------------------------- Indianapolis, Ind. 
10 Michigan ---------------------------------------- Detroit, Mich. 
1 1  Illinois ____________________________ _______________ Chicago 
1 2  Wisconsin ---------------------------------------- Milwaukee 
13  Arkansas, Louisiana ______________________ Alexandria, La. 
14  Missouri ------------------------------------------ Columbia 
15 Iowa ------------------------------------------------ Des Moines 
16 Minnesota ---------------------------------------- St. Paul 
1 7  Oklahoma, Texas __________________________ Ft. Worth, Texas 
1 8  Kansas -------------------------------------------- Kansas City 
19 Nebraska ---------------- ----------------------- Lincoln 
20 North Dakota, South Dakota ______ Bismarck, N. D. 
21  Colorado ---------------------------------------- Denver 
22 Montana, Wyoming ______________________ Billings, Mont. 
23 Arizona, New Mexico __________________ Phoenix, Ariz. 
24 Idaho, Nevada, Utah ____________________ Salt Lake City, Utah 
25 California ---------------------------------------- Fresno 
26 Oregon, Washington ____________________ Portland, Ore. 
Table 2. Regional Population and Income Estimates 
Population Income 
Region 1955 1960 1955 1960 
(OOO's) (dollars per capita) 
1 ------------------------------ 9,729 1 0,546 1 ,8 1 8  2 ,206 
2 ------------------------------ 36,236 38,596 1 ,883 2 ,309 
3 ------------------------------ 9,78 1 1 0,398 1 ,278 1 ,544 
4 ------------------------------ 3,670 5 ,000 1 ,505 1 ,784 
5 ------------------------------ 5 ,963 6,34 1 1 , 140 1 ,371 
6 ------------------------------ 5 , 170 5 ,453 1 ,006 1 ,201  
7 ------------------------------ 6,338 6,620 1 , 130 1 ,403 
8 ------------------------------ 9,02 1 9,739 1 ,850 2, 144 
9 ------------------------------ 4,362 4,677 1 ,707 1 ,965 
1 0  ------------------------------ 7,248 7,848 1 ,9 1 6  2 , 1 0 1  
1 1  ------------------------------ 9,228 1 0, 1 13  2 ,023 2 ,363 
1 2  -- ---------------------------- 3,666 3,964 1 ,588 1 ,926 
1 3  ------------------------------ 4,7 16  5,058 1 , 1 06 1 ,340 
14 ------------------------------ 4,222 4,33 1 1 ,596 1 ,962 
1 5  ------------------------------ 2,684 2,761 1 ,425 1 ,737 
1 6  -------- ---- ---------- -------- 3 , 188 3 ,426 1 ,5 13 1 ,8 1 3  
1 7  ---------------------- -------- 1 0,928 1 1 ,950 1 ,423 1 ,688 
1 8  ------------------------------ 2 ,080 2 , 178 1 ,506 1 ,861 
19 ---------------- ------------- - 1 ,360 1 ,4 1 4  1 ,456 1 ,871 
20 ------------------------------ 1 ,301 1 ,3 1 6  1 ,2 1 4 1 ,612 
21  ------------------------------ 1 ,583 1 ,758 1 ,528 1 ,982 
22 ------- · --- ------ ------------- 937 1 ,0 1 0  1 ,638 1 ,872 
23 ------------------- ---- --- -··-- 1 ,77 1 2,276 1 ,423 1 ,703 
24 -------- -------------- -------- 1 ,642 1 ,855 1 ,609 1 ,933 
25 ------------------------------ 1 3 , 1 56 15 ,850 1 ,982 2,424 
26 ---------------------------- -- 4,320 4,633 1 ,699 2,00 1 
C. Regional Consumption Estimates 
1 .  Survey Data 
A househo]d food consumption survey conduct­
ed by the USDA in the months of April, May and 
June of 1955 provides the basic data for the regional 
consumption estimates for beef, pork and veal. Re­
sults of the survey were reported for the Northeast, 
North Central, South and West Census Regions. For 
reporting purposes households within each census 
region were grouped by urbanization and by family 
income.9 The results of the survey for beef, pork and 
veal consumption are reported in Table 3. In general,\ 
households in the West had the highest consumption , 
rate per person for beef. For pork, the South and 
North Central Regions had the highest consumption 
rates. The consumption of veal was much less im­
portant than that of beef and pork and except for 
the West, the highest rate of consumption was by the 
urban group. The weekly per capita quantities of each 
of the meats in Table 3 were converted to an annual 
basis and their c�rcass weight equivalents were then 
obtained. 
2. Consumption Estimates for Beef, Pork and 
Veal Weighted by Urbanization Groups. 
Since the consumption of each type of meat 
varied by region and urbanization group, the distri­
bution of urban, rural nonfarm, and farm population 
for each of the 26 regions of this study was used as 
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a basis for obtaining regional consumption estimates. 
A population weighted average of the annual car­
cass weight equivalent for urban, rural nonfarm and 
farm per capita consumption was computed for each 
of the 26 study regions for 1955 and 1960. These re­
gional per capita consumption estimates are present­
ed in Table 4. 
In order to generate total regional consumption 
estimates for beef, pork and veal for 1955 and 1960, 
the per capita consumption of each meat for each 
region was multiplied by the population of that 
region for 1955 and 1960. The results were then sum­
med and where necessary, the national totals were ad­
justed to agree with the total slaughter data for each 
of the commodities and each of the years. The result­
ing estimated total regional consumptions for 1955 
and 1960 are reported in Tables 5 and 6. 
In the food consumption survey data used, Tex­
as and Oklahoma are classed in the Southern Census 
Region. Since it was thought that the consumption 
patterns for these two states were more closely re­
lated to those of the West than to the South, alterna­
tive estimates were made for beef and pork under this 
assumption.1 0  These estimates appear in Table 7. This 
change in specification resulted in an increase in beef 
consumption and a decrease in pork consumption for 
Oklahoma and Texas relative to the estimates con­
tained in Tables 5 and 6. 
°For data on the states within each census region, the definition of each 
urbanization group,  and the income classes used , see : "Food Consump­
t ion of Households in the United States and in the Northea-st, North 
Centra l ,  South , and West," USDA, 1 956 .  
1 1For some information on this topic see : W. F .  Wil l iams, "Marketing 
Potential for Feed Lot Cattle in Oklahoma and Texas ," Oklahoma Pro­
cessed Report P-426,  1 962 . 
Table 3. Quantity of Meats Used at Home Per Person, by 
Region and Urbanization, All Households, in a Week, 
Spring, 1955.a 
Beef Veal Pork 
Pounds 
Northeast ---------------- 1 .29 . 12  .98 
Urban ----- ---- ------- 1 .29 . 1 5  .95 
Rural non farm 1 .23 .06 1 .0 1  
Farm ---------------- 1 .54 .05 1 . 1 5  
North Central __________ 1 .5 1  .07 1 .23 
Urban -- ---------- ---- 1 .52 . 1 0  1 .22 
Rural non farm 1 .43 .05 1 . 1 7  
Farm ---------------- 1 .6 1  .02 1 .34 
South ---------- ------ ---- ---- .85 .04 1 .26 
Urban ---------------- 1 .09 .06 1 .33 
Rural non farm .64 .03 1 .22 
Farm ---------------- .68 . 1 0  1 . 1 8  
West ----- ------------------ --- 1 .62 .07 1 .00 
Urban ------- --------- 1 .52 .07 1 .00 
Rural non farm 1 .89 . 1 2  1 .05 
Farm -------- -------- 1 .73 .03 .89 
"These data were taken from "A Review of 1 95 5  Survey Data on House­
hold Meat Consumption" AMS-340,  U .S.D.A. ,  September 1 959 ,  p .  5 5 .  
Table 4. Estimated Regional Per Capita Consumption of 
Beef, Pork and Veal in 1955 and 1960.a 
Regions Beef 
l ------ 84 .57 
2 ------ 82 .69 
3 ------ 54.08 
4 _ ---- 6 1 .52 
5 ------ 55 . 1 7  
6 ------ 53 .99 
7 ------ 54 .83 
8 ------ 99 .22 
9 ------ 99 .34 
1 0  ------ 99 .2 7 
1 1  ------ 99 .4 2 
1 2  ------ 99.72 
1 3  ------ 56.28 
14 ------ 1 00.02 
1 5  ------ 1 00. 1 5  
1 6  ------ 99 .95 
1 7  ------ 60 .2 1 
1 8  ------ 99 .65 
1 9  ------ 1 00.06 
20 ------ 1 00.30 
2 1  ------ 1 07. 1 8  
22 ------ 1 1 0 .59 
23 ------ 1 09.59 
24 ------ 1 08.67 
25 ------ 1 03.83 
26 ------ 1 08 . 1 7  
1 955 
Pork 
56.85 
58 .74 
73.34 
75.5 1 
73.49 
72.96 
73.36 
7 1 .68 
7 1 .99 
7 1 .7 1  
7 1 .70 
72 .35 
73 .74 
72 .53 
72 .93 
72 .62 
74.93 
72 .4 1 
72 .87 
73.4 1 
58.50 
58 .29 
58 .78 
58.40 
58.93 
58 .77 
Veal 
1 5 .07 
1 4.54 
4 .26 
5 .64 
4 .3 1  
3 .92 
4.2 1 
9.62 
8.80 
9.64 
1 0. 1 2  
8.53 
4.44 
8 .72 
7.63 
8.20 
5 .2 1  
8 . 1 2  
7.59 
6.23 
8 .84 
9. 1 1  
9.45 
8.95 
8 .80 
9.24 
1960 
Beef Pork Veal 
(Pounds) 
84.05 
82 . 1 2  
55 .75 
63 .86 
57.05 
56.62 
56.8 1 
98.78 
98 .72 
98 .82 
99.23 
99.23 
58 .82 
99.23 
99 .78 
99.5 1 
63.64 
99. 1 5  
99.59 
99.69 
1 05 .32 
1 09.72 
1 06.28 
1 07 .3 1  
1 02 .79 
1 07.3 1 
56.63 
58 .73 
74. 1 2  
76.20 
74.43 
74 . 1 8  
74.23 
7 1 .25 
7 1 .42 
7 1 .27 
7 1 .47 
7 1 .82 
74.83 
7 1 .76 
72 .50 
72.08 
75 .99 
7 1 .82 
72 .32 
72 .75 
58 .93 
58.78 
59.23 
58.9 1  
59 .08 
59.2 1 
1 5 . 1 1 
1 4 .57 
4.83 
6.08 
5 .00 
4.8 1 
4.83 
1 0.00 
9. 1 7  
9.98 
1 0.42 
9. 1 3  
5 .24 
9.35 
8 . 1 5  
8 .9 1  
5 .89 
8 .95 
8.29 
6.96 
9.0 1 
9.46 
9.44 
9.26 
8.8 1 
9.55 
aweighted by the urbanization characteristics of each region. 
3. Regional Consumption Estimates for Lamb and 
Mutton 
In 1954 the USDA conducted a study relative 
to the distribution and consumption of lamb and 
mutton.1 1  Since the data from this study were con· 
sidered more complete than that from the Household 
Food Consumption Survey, it was used as a basis for 
generating regional consumption estimates for lamb 
and mutton. Regional per capita consumption esti­
mates were obtained by combining state data weight­
ed by population. The regional per capita estimates 
are given in Table 8 and the regional total consump­
tion estimates are given in Tables 5 and 6. 
4. Alternative Consumption Estimates 
a. Regional beef consumption adjusted by 
zncome 
The results of several econometric studies sug­
gest that the level of disposable income conditions 
the level of beef consumption. Therefore, alternativ e  
regional consumption estimates were obtained by  ( 1)  
estimating income-consumption relations for each 
census region from the Household Food Consump­
tion Survey and (2) using these income-consumption 
response coefficients for adjusting per capita consump-
l l"Distribution of Lamb and Mutton for Consumption in the U. S. ," AMS-
93, USDA, 1 956 .  
Table 5. Estimated Regional Consumption for Beef, Veal, Pork, 
and Lamb and Mutton in 1 955 
Region Beef a 
1 ________ 8 1 5  ,907 ,5 1 2  
2 -------- 2 ,970,2 1 2 ,037 
3 -------- 534,278,73 1 
4 -------- 228,853,7 1 8  
5 -------- 332,8 1 1 ,80 1  
6 -------- 284,4 1 2,434 
7 -------- 35 1 ,9 1 3,32 1 
8 -------- 888,348,793 
9 -------- 429,680,930 
10 -------- 7 1 4  ,075 ,907 
1 1  -------- 9 1 1 ,7 1 6, 467 
12 -------- 362,743,84 1 
1 3  -------- 269,968,295 
14 -------- 4 1 8 ,388,94 7 
1 5  -------- 266,884,973 
16 -------- 3 1 6,255,270 
1 7  -------- 673, 1 32 , 1 6 1  
1 8  -------- 205,656,935 
19 -------- 1 3 5,042,934 
20 -------- 1 29,404,453 
2 1  -------- 1 67 ,302 ,909 
22 -------- 1 02,668,554 
23 -------- 1 90, 1 40,44 1 
24 -------- 1 76,380,404 
25 -------- 1 ,35 1 ,947,620 
26 -------- 462 ,971 ,607 
Total _ 1 3 ,69 1 , 1 00,995 
Veala Pork a 
(Pounds) 
1 48,938,480 
535,059,323 
45,098,970 
2 1 ,8 1 7,9 1 0  
28 , 1 60,086 
22 ,894, 136 
29,062 ,980 
89,778,670 
39,760,626 
72, 1 33 ,444 
96, 1 45 , 1 77 
32 ,839,962 
23, 1 56,272 
38,698,654 
2 1 ,483,696 
27,668,639 
6 1 ,529,466 
1 8,0 1 0, 1 09 
1 0,954,9 1 2  
8,704,455 
1 4,333,050 
8,826, 1 43 
1 6,969,537 
1 5, 1 67, 1 0 1  
1 1 7,5 1 7,542 
4 1 , 1 74,659 
1 ,585,8 83,999 
543,724,989 
2 ,096,326,780 
7 1 0,3 1 2, 1 63 
274,202,895 
434,393,652 
374,639,062 
460,68 1 ,668 
634,994,3 1 8  
308,075,286 
5 1 0,370, 1 20 
650,655,902 
260,290,982 
345,06 1 ,640 
300,0 1 7,249 
1 92 ,233, 1 48 
227, 1 84,452 
8 1 2,230,4 1 0  
1 47,744,289 
97,245,02 1 
93 ,647,803 
9 1 ,548,607 
54,022,785 
1 02 ,926,957 
94,863,676 
764,600,254 
2 5 1 ,005,883 
1 0,832,999,99 1 
aweighted by the urbanization characteristics of each region. 
Lamb and 
Mutton 
85,448,800 
289,324,580 
6,833,393 
1 1 ,72 1 , 1 75 
3,570,846 
1 ,547,986 
4,427,977 
1 9,807,627 
6,094,93 1 
33,276,000 
46,050,323 
5 ,488,3 1 2  
1 ,882 ,734 
5 ,056,553 
3,750,297 
6,68 1 ,788 
1 3,088, 1 1 3  
3 , 1 1 3 ,936 
6, 1 08, 1 05 
649,236 
6,95 1 ,663 
2 ,057,394 
8,661 ,034 
9,668,971 
1 6 1 ,504,293 
1 5,952,934 
758,7 1 9,001 
Table 6. Estimated Regional Consumption for Beef, Veal, Pork, 
and Lamb and Mutton in 1 960. 
Region Beef a 
1 -------- 875,527,724 
2 -------- 3 , 1 30,658,2 1 2  
3 -------- 572,583 ,86 1 
4 -------- 3 1 5,386,672 
5 -------- 357,320,407 
6 -------- 304,96 4,846 
7 -------- 37 1 ,472 ,952 
8 -------- 950,227,96 1 
9 -------- 456,054,699 
10 -------- 766,034,38 1 
1 1  -------- 99 1 ,2 1 3 ,975 
l 2 -------- 388,526,866 
13 -------- 293,865,270 
1 4  -------- 424,497,946 
1 5  -------- 272 , 1 1 6, 1 54 
1 6  -------- 336,742 ,943 
1 7  -------- 75 1 ,  1 77 ,367 
1 8  ---- ---- 2 1 3,302,04 1 
1 9  ----- --- 1 39,094,373 
20 -------- 1 29,584, 1 56 
2 1  -------- 1 82 ,883,338 
22 -------- 1 09,459,029 
23 -------- 238,928,646 
24 -------- 1 96,620,378 
25 -------- 1 ,609,253,826 
2 6 -------- 49 1 ,07 3 ,968 
Total __ 1 4,868,57 1 ,99 1 
Veala Pork a 
(Pounds) 
1 02,582,74 1 
362,01 2,793 
32,330,99 1 
1 9,570,2 1 8  
20,4 1 G,32 1 
1 6,885,061 
20,583 ,878 
62 ,695 ,509 
27,609,5 1 5  
50,42 1 ,0 1 7  
67,837,494 
23,298,42 1 
1 7,062 ,088 
26,068,849 
1 4,485,920 
1 9,65 1 , 1 1 2  
45,3 1 1 , 1 69 
1 2 ,548,823 
7,546, 1 60 
5,896,404 
1 0, 1 96,843 
6, 1 50,842 
1 3,83 1 ,406 
1 1 ,058,0 1 0  
89,893,283 
28,483 , 132 
1 , 1 1 4,422 ,000 
575,762 ,920 
2 , 1 85,303,002 
743,009,878 
367,3 1 1 ,342 
455,003,9 1 8  
389,970,442 
473,747,372 
668,973,0 1 3  
322 ,030, 1 84 
539,23 1 ,330 
696,808,040 
274,465 ,9 1 0  
364,89 1 ,657 
299,626,332 
1 92,980,655 
238,073,743 
875,454,770 
1 50,803,923 
98,586,44 1 
92,299,267 
99,876,8 1 3  
57,234,820 
1 29 ,964 ,085 
1 05,35 1 ,883 
902,774, 1 54 
264,464,099 
1 1 ,563,999,993 
aweighted by the urbanization characteristics of each region. 
Lamb and 
Mutt�n 
85,27 1 ,568 
283,704,4 1 4  
6,687,775 
1 4,701 ,234 
3,495,770 
1 ,503 , 1 09 
4,257,845 
1 9,686,606 
6,0 1 6,296 
33, 1 70,394 
46,460,494 
5,463,346 
1 ,858,97 1 
4,775,328 
3,5 5 1 ,634 
6,6 1 0,594 
1 3 , 1 75,98 1 
3,001 ,808 
5,846,497 
604,588 
7, 1 07,3 1 2  
2,04 1 ,634 
1 0,247, 1 28 
1 0,056, 1 03 
1 79, 1 29,943 
1 5,750,626 
774, 1 76,998 
tion rates, unweighted by urbanization groups, for 
variation in income among the 26 regions. The esti­
mated income-consumption relations are given in 
Table 9. There are only minor differences in the esti­
mated income elasticities depending on whether 
variables 1inear in natural or logarithmic units are 
used. There are, however, discernable differences in 
the estimates of the regional income elasticities. For 
example, the estimate of income elasticity for the 
Southern Region is considerably larger than for the 
other regions. 
Using the two different sets of elasticity esti­
mates, regional income adjusted consumption was 
calculated with the following relationship : 
Ci JY  = C1J + E1 (i�J)  (Y1J - Y1 ) 
where Cijy denotes unurbanized per capita consump­
tion adjusted for income for the jth subregion of the 
ith census region. Cij denotes unurbanized per capita 
consumption of the jth subregion of the ith census 
region. Ei denotes income elasticity of the ith census 
region. Yi denotes per capita income of the ith cen­
sus region. Yij denotes income of the jth subregion of 
the ith census region. 
Table 7. Estimated Regional Beef and Pork Consumption 
Assuming Oklahoma and Texas in the Western Census Region. 
Beef a 
Region 1955 1960 1955 1960 
(Pounds) 
1 788,03 1 ,170 847,362 ,37 1 553,005,520 585,735,623 
2 ------ 2 ,868 ,73 1 ,603 3,029,946;274 2, 132,1 07,784 2,223,1 54,306 
3 5 1 6,024,534 554, 1 64,083 722,436,075 755,879 ,440 
4 22 1 ,034,689 305,240,8 1 7 278 ,883,1 07 373,673,487 
5 32 1 ,440,934 345,825,562 44 1 ,808,069 462,884 ,972 
6 274,695,1 82 295, 154,257 38 1 ,033,562 396,725,06 1 
7 339 ,889,830 359,522 ,825 468,544,780 48 1 ,953,079 
8 857,997,4 1 7  9 19 ,659,533 645,832,673 680,560,1 94 
9 4 15,000,427 44 1 ,383,6 1 4  3 13,333,647 327,608 ,020 
1 0 689 ,678 ,749 741 ,39 1 ,382 5 19,08 1 ,336 548 ,57 1 ,274 
1 1  880,566,7 1 0 959 ,327,045 66 1 ,761 ,576 708,877,347 
12 350,350,3 1 4  376,028 ,123 264 ,733,740 279,2 1 9,893 
13 260,744,543 284,4 1 1 ,750 350,95 1 ,300 371 ,2 1 1 ,891 
1 4  404 ,094,246 4 1 0,842,028 305 , 138,072 304,81 6, 1 1 4 
1 5  257,766,565 263,362,293 195,5 1 4,266 1 96 ,323,244 
16 305,450,074 325,9 1 0,066 23 1 ,062, 134 242, 1 97,383 
1 7 ------ 1 ,1 1 7,904,828 1 ,205,327,923 64 1 , 1 9 1 ,626 690,32 0 ,084 
1 8 1 98,630,448 206,440,206 1 50,266,05 1 1 53 ,4 1 5,975 
19 130,429,050 1 34,6 19,766 98,904,84 1 1 00,294,042 
20 1 24,983,2 13  1 25,4 15 ,489 95,246,224 93,897,968 
2 1 16 1 ,586,828 177,000,059 93, 1 1 1 , 197 1 0 1 ,606,764 
22 99, 1 60,774 1 05,937,779 54,944,869 58 ,226, 1 75 
23 1 83,644,092 23 1 ,242 ,4 1 3 1 04,683,759 132,2 1 5, 174 
24 170,354, 1 8 1 1 90,295, 1 84 96,482,850 1 07, 176,667 
25 ------ 1 ,305,756,900 1 ,557,484 ,8 1 8  777,650 ,779 9 1 8,4 1 0,969 
26 ------ 447, 1 53,692 475,276,328 255,290, 1 60 269,044,842 
Total 13,69 1 , 1 00,993 14,868,571,988 1 0,832 ,999,999 1 1 ,563,999,988 
awe:ighted by urbanization characteristics of each region. 
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Table 8. Per Capita Lamb and Mutton Consumption by 
Regions, 1954 
Consumption 
per capita 
Region (pounds) Region 
Consumption 
per capita 
(pounds) 
1 -- -------------- 8.8 1 4  ---------------- 1 .2 
2 ---------------- 8.0 
3 ---------------- .7 
4 -- -------------- 3 .2 
5 ---------------- .6 
6 _______ ,. _______ .3 
7 - ------------ --- .7 
8 ---------------- 2 .2 
9 ---------------- 1 .4 
1 0  ---------------- 4 .6 
1 1  --------------- - 5 .0 
12  ---------------- 1 .5 
13 ---------------- .4 
15 
1 6  
17 
1 8  
19 
20 
2 1  
22 
23 
24 
25 
26 
---------------- 1 .4 
---------------- 2 . 1 
---------------- 1 .2 
---------------- 1 .5 
---------------- 4 .5 
---------------- .5 
---------------- 4 .4 
---------------- 2 .2 
---------------- 4 .9 
---------------- 5 .9 
---------------- 12 .3 
---------------- 3 .7 
Table 9. Estimated Income-Consumption Relations for Beefa 
Linear in Natural Units 
United States 
C = .Ol 45Y + 45.93 ;  r = .87 
( .0032) 
Mean Elasticity = .2877; 
Income-group weighted elasticity = .2358 
Northeast 
C = .00743¥ + 53.65 ;  r = .72 
( .0027) 
Mean Elasticity = . 1 492 ;  
Income-group weighted elasticit:y = . 1353 
North central 
C = .0063¥ + 67.7 1 ; r = .77 
( .0020) 
Mean Elasticity = . 1072 ; 
Income-group weighted elasticity = .099 1 
South 
C = .0 1 8 1  Y + 3 1 .66 ; r = .92 
( .0029) 
Mean Elasticity = .4 1 79 ; 
Income-group weighted elasticity = .2733 
West 
C = .0 1 2 6¥ + 66.39 ; r = .82 
( .0036) 
Mean Elasticity = .2307 ;  
Income-group weighted elasticity = . 1 923 
Linear in Logs 
United States 
Log C = 
North central 
.2948 log Y + .92 ;  r = .98 
( .02 17) 
Log C . 1 1 27 log Y + 1 .54 ; r = .92 
South 
Log C 
West 
Log C 
Northeast 
( .0 1 84) 
.3987 log Y + .536 ; r = .98 
( .03 1 1 )  
.27 15 log Y + 1 .085 ;  r = .87 
( .0632 ) 
Log C = . 1 549 log Y + 1 .34 ; r = .88 
( .03 1 0) 
a c  refers to the per capita consumption of beef in pounds and Y refers 
to per capita income in dollars. Standard errors appear in parentheses 
below the coefficient. 
The Cijy relationship was then used to gener­
ate two per capita consumption estimates for each 
region and year: one based on the natural unit rela­
tionship and one on the log relationship. 
To generate income adjusted total consump­
tion estimates, the population of each region was mul­
tiplied by its per capita consumption estimate. The 
percentage difference between the sum of these re­
gional, total consumption estimates and the actual, 
(U.S.) total slaughter was calculated. The region.al 
total estimates were then adjusted by this percentage 
so their sum was equal to actual total slaughter. This 
procedure was followed for 1955 and 1960 using both 
natural and log-unit functions and the results are 
given in Table 10. 
b. Beef consumption adjusted for income with 
Oklahoma and Texas considered as part o.f 
the Western Census Region. 
Since it was thought that beef consumption 
in Oklahoma and Texas might correspond more 
closely to that of the Western Census Region than to 
that of the Southern, alternative calculations satisfy­
ing this condition were made.1 2  
The income-consumption relationships and the 
weighted elasticities could not be altered because the 
original data were provided on a basis of census 
regions; however, different per capita disposable in­
come figures for the adjusted regions were calculated 
for 1955 and 1960. Using these new disposable income 
figures for the Southern and Western Census Regions 
and the unurbanized per capita consumption estimate 
of the Western Census Region for Oklahoma and 
Texas, new consumption figures for the effected 
regions were calculated and are given in Table ] 1. 
Given the relative! y high level of beef consumption 
in the Western Census Region, this modification 
generated a significant increase in the estimated beef 
consumption for Oklahoma and Texas. 
c. Regional demand relations. 
To provide an alternative set of regional de­
mands for pork and beef, regional demand relations 
were developed. Since there are no adequate data on 
beef and pork consumption by state, the regional de­
mand relations were derived from an aggregate study 
involving all of the United States. The aggregate re­
lations used were :rn 
( 1) Yi = - .9705 P1J + . 2261 Pp + . 0326 I + 0:10 
( 2) Y2 = . 3890 Pb - . 8551 Pp + . 0061 I + 0:20 
12Will iams, op. cit. 
13Hans Konrad Larsen, "Econometric Analysis of the Demand for Beef, 
Pork and Broilers," Unpubl ished University of I l l inois Master's Thesis, 
Equations 2 and 25 ,  pages 37 and 59, July ,  1 962 . 
Table 10. Estimated Income Adjusted Regional Total Beef Con­
sumption Assuming Oklahoma and Texas in the Southern Census 
Region 
1955 1960 Region Natural Log Natural Log 
(Pounds) 
1 822,258,2 1 9  82 1 ,768,873 885,777,298 885, 1 1 4,657 
2 ------ 2 ,990,478,477 3,002 ,847,804 3 , 1 67,352,266 3 , 1 8 1 ,504,075 
3 545,437,792 544,65 1 ,445 576,242,546 575,287,979 
4 2 1 4,534,902 2 1 8,773 ,043 288,777,9 17  293,7 1 1 ,361  
5 322 ,766,065 3 1 7,855,386 340,833,465 335,375,59 1  
6 27 1 ,69 1 , 199 263_,695,432 284,062,473 275,284,893 
7 342,300,336 336,698,947 357,8 13 ,366 353,040,856 
8 90 1 ,388,59 1 902 , 1 12 ,406 966,42 1 ,830 966,971 ,883 
9 432,351 ,636 432 ,2 1 9,782 460,138,393 459,842 , 1 87 
1 0  726,92 1 ,523 727,867,009 777,206,269 777,4 14,446 
1 1  93 1 ,061 ,3 1 3  933,006,444 1 ,0 14,139,636 1 ,0 1 6, 124,395 
12 360,935,880 360,493,73 1 389,238,955 388,908,756 
13 253,373,897 248,590,324 270,305,298 265,244,608 
14 4 15,846,432 4 15 ,379,623 426,0 1 1 ,285 425,736,995 
15 261 ,773 ,379 26 1 , 126,226 268,630,496 268,042 , 137 
1 6  3 1 2 ,529,782 3 1 1 ,953 , 196 334,563,204 334,004,1 66 
1 7  628 , 1 66,258 635,957,330 679,080,022 685,739,630 
18 203,825,465 203 ,428,385 2 13 , 1 9 1 ,089 2 12 ,900,930 
19 1 32,888,085 1 32 ,573,826 1 38 ,478,4 14 1 38,304, 1 56 
20 125,346,238 1 24,823,508 1 27,25 1 , 1 60 126,865,6 1 1 
2 1  1 63 ,564,246 1 6 1 ,449,780 1 82 ,684,5 1 6  1 8 1 , 1 50,74 1 
22 97,992 , 1 89 97,2 1 1 ,088 1 03,926,393 1 02 ,63 1 ,698 
23 1 80,890,81 2  1 77,653,769 230,648 ,535 226,276,39 1  
24 1 7 1 , 1 77,483 1 69,577,829 1 9 1 ,9 1 2, 1 76 1 89,960,345 
25 ------ 1 ,426,861 ,807 1 ,437,033,340 1 ,7 1 1 ,655 ,075 1 ,724,575,542 
26 _ ---- 454,738,993 452,352,475 482,229,9 19 478,557,962 
Total 13 ,69 1 , 1 00,999 1 3,69 1 , 1 0 1 ,001 1 4,868,571 ,996 1 4,868,571 ,99 1 
Table 1 1 . Estimated Income Adjusted Regional Beef Consumption 
Assuming Oklahoma and Texas in Western Census Region 
Region 
1955 Relations 
Natural Log 
(Pounds) 
1960 Relations 
Natural Log 
1 790,341 ,479 789,850,277 85 1 ,34 1 ,958 850,387,370 
2 ------ 2 ,876,498,804 2 ,889,7 1 0,794 3 ,046,44 1 ,642 3,059,64 1 ,050 
3 528,23 1 ,377 529,349,800 557,234,139 557,605,326 
4 207,978,762 2 12 ,861 ,543 279,423,2 1 2  2 84,874,246 
5 3 1 2,424,795 308,675 ,063 329,348,403 324,833,390 
6 262,792,062 255,848,455 274,380,2 1 3  266,420,036 
7 33 1 ,277, 1 96 326,985,792 345,872,95 1 342,047,71 0  
8 866,400,329 867,073, 16 1  928,85 1 ,365 929,032,946 
9 4 15 ,569,494 4 1 5,43 1 ,79 1 442 ,250, 125 44 1 ,800,376 
10 698,705,368 699,595,587 746,99 1 ,7 1 9  746,9 12 ,754 
1 1  894,92 1 ,276 896,767,233 974,714 , 102 976,256,969 
12 346,925,808 346,49 1 ,675 374, 1 06,962 373 ,650,003 
13 245,1 77,714 24 1 ,392 ,828 261 , 1 56,383 256,876,1 06 
14 399,704,954 399,245,726 409,449,737 409,033,294 
1 5  25 1 ,61 2 ,394 250,983,736 258,1 87,259 257,525,560 
1 6  300,398,639 299,836,5 19 32 1 ,556,777 320,899,583 
17 ------ 1 ,085,4 17,717  1 ,071 ,359, 1 36 1 , 1 75,971 ,449 1 ,1 58,407,202 
18 1 95,91 3,784 1 95,526,956 204,903 , 105 204,547,807 
19 127,729,906 127,424,482 1 33 ,094,949 1 32,877,822 
20 120,480,804 1 1 9,975, 1 97 1 22,304, 164 1 2 1 ,888,066 
21 159, 1 7 1 , 1 76 1 57,929, 1 70 1 77,928, 1 0 1  1 77,366,3 1 3  
22  95,427,6 13 95, 1 89,848 1 0 1 , 1 56, 1 94 1 00,407,473 
23 1 75,903,622 1 73,625,277 224,303,523 220,870,746 
24 1 66,656,89 1 1 66,002 ,5 12  1 86,873,032 1 85,924,630 
25 1 ,392,429,9 1 8  1 ,4 1 0,804,584 1 ,670,977,204 1 ,693,4 1 1 ,398 
26 443,009 , 107 443, 1 63,752 469,753,3 17 475,073,822 
Total 13 ,69 1 , 1 00,989 13,69 1 , 1 00,994 1 4,868,571 ,985 14,868,571 ,998 
where Y 1 denotes per capita consumption of beef in pounds, Y !.! denotes per capita consumption of pork in pounds, A denotes price of beef cents per pound, PP denotes price of pork cents per pound, I denotes income in dollars, a 10 denotes beef equation constant, and a!.!o denotes pork equation constant. 
Given these relations it was assumed that the price and income coefficients were the same for each region and for each time period. To take account of the fact that regional consumption varies over and above the price and income effects, information from the Household Food Consumption Survey was used in specifying the census region differences. Using the 1955 and 1960 observed values of regional incomes, the following regional demand relations were derived: 
( 3 ) Y11 = - .9705 Pb1 + . 2261 Ppi + a11 
( 4 )  Y21 = . 3890 �i - . 8551 Pp1 + a21 
where i: 1 , 2 ,  . • • •  , 26 
The . resulting constants a1i and a2i are given 
in Table · 13. Thus, combining the estimated equation constants of Table 12 with equations ( 3) and ( 4), . four sets of 26 regional demand relations were de­
rived. Using these demand relations along with 
regional supplies and an appropriate set of regional 
price differentials, a joint spatial model was solved 
for regional beef and pork consumption estimates for 
1955 and 1960.1 4  These regional consumption esti­
mates are given in Table 13. 
D. Transportation Rates. 
Since the structure of transport rates for meat 
products are basic to the spatial solutions, it is neces-
sary to obtain estimates of these costs between the 
points that represent each pair of regions. As a basis 
for determining these rates, transport cost functions 
were estimated from samples of truck and rail rates 
and the resulting cost functions were then used to 
estimate the point-to-point rate structure. 
1. The 1955 Transport Rates 
Truck and rail transport cost functions derived 
by Judge and Wallace15  were used for generating the 
1955 transport rate structure. They obtained a sample 
of rail rates from the Transportation and Storage Serv-
ice of the USDA and a sample of truck rates were pro-
vided by Wilson and Company and Armour and 
Company. A square root functional form was post-
ulated for the transport cost functions and the least 
squares procedure using moments about zero was 
used to estimate the parameters of the function. The 
resulting cost functions were as follows : 
14For the procedure used in solving the joint bed and pork model for 
regional consumption -::stimates see : Y. A. Chuang and G. G. Judge, 
"Sector and Spatial Analyses of the United States Feed Economy," 
Ill inois Experiment Station Bul letin, Number 699, 1 964. 
15Judge and Wallace, op. cit. 12 
Table 12. Regional Constant Terms ( al i and a2i) for Beef 
and Pork Demand Relations 
Region 
1 ----------
2 ----------3 - --------
4 ----------
5 ----------
6 ----------
7 ----------8 ----------9 ----------
1 0  ----------
1 1  ----------
12 ----------
13 ----------
1 4  ----------
15 ----------
16 - --------
17 ----------
18 ----------
19 ----------
20 ----------
2 1  ----------
22 ----------
23 ----------
24 --->------
25 ----------
26 ----------
1955 
1 34.2908 
1 34.9730 
1 06.60 1 8  
1 1 3 .0892 
1 02 .6572 
98.8430 
1 02 .3638 
1 53 . 1 1 1 8 
1 49.0368 
1 55 .0026 
1 58 .0670 
1 45 .6464 
1 0 1 .6792 
1 45 .8746 
1 40.9846 
1 43.4948 
1 1 0.7420 
1 43 .2992 
1 4 1 .8648 
1 34.9536 
1 49.1952 
1 52 .3574 
146.1960 
1 5 1 .5098 
1 62 . 1700 
1 54.0852 
Beef 
1960 
1 45.9653 
1 48 .0038 
1 1 8 .7979 
1 25.0245 
1 1 4.33 17  
1 09.9307 
1 15 . 1 467 
1 64.85 1 5  
1 60.2223 
1 63 .743 1 
1 70.5239 
1 59 .2 1 1 7 
1 13 .5 1 67 
1 60 . 1245 
1 54.32 17  
1 56.2777 
122 .5469 
1 57.5 1 65 
1 57.7773 
1 5 1 .0617  
1 63 .8689 
1 6 1 .0327 
1 56.6643 
1 62 .5975 
175 .3 1 1 5 
1 64.3579 
1955 
76.6938 
78.9486 
93 .3673 
94.58 12  
92 .6292 
9 1 .9 1 55 
92.5743 
92 .2073 
9 1 .4448 
92.561 1 
93 . 1 345 
90. 8 104 
92 .4462 
90.853 1 
89.938 1  
90.4078 
94. 1 420 
90.37 1 2  
90.1 028 
88.8906 
76.6172 
77.2089 
76.0560 
77.0503 
79.0450 
77.5322 
Pork 
1960 
71 .598 1 
73.622 1 
88.3692 
89.5343 
87.5335 
86.71 00 
87.6860 
87. 1238 
86.2576 
86.9 1 64 
88.1 852 
86.0685 
87.3 8 1 0  
86.2393 
85. 1 535 
85.5 195 
89.0707 
85.75 1 3  
85.8001 
84.5435 
72.0827 
7 1 .5520 
70.7346 
7 1 .8448 
74.2238 
72 . 1742 
Table 13. Regional Beef and Pork Consumption Estimates 
Based on Regional Demand Relations 
Beef Pork 
Region 1955 1960 1955 1960 
(000 Pounds) 
1 ---------- 799,605 856,033 544,293 572 ,645 
2 ---------- 3 ,0 13,667 3 ,2 1 7,887 2 , 1 1 7,027 2 , 177,829 
3 -- -------- 536, 193 563 ,343 7 1 1 ,808 740,336 
4 ---------- 225,593 301 ,825 270,009 360,604 
5 ---------- 305,914  3 1 6,660 430,494 448,027 
6 ---------- 247,956 249,701 369,641 380,03 1 
7 ---------- 327, 1 6 1  383,261 458 , 188 535,574 
8 ---------- 9 19,399 979,445 650,255 686,743 
9 ---------- 427,846 449,766 3 1 2,541 326,825 
1 0  ---------- 752,922 78 1 ,277 525, 197 549,868 
1 1  ---------- 992 ,584 1 ,080,9 1 2  677,53 1 725, 19 1  
1 2  ---------- 350,499 379,373 256,34 1  276,075 
13 ---------- 242,032 252,068 337,755 354,272 
1 4  ---------- 404,080 4 19,403 300,490 302,324 
15  -·-------- 244, 1 53 25 1 ,687 1 89,274 190 , 166 
1 6  ---------- 298,239 3 1 9, 1 87 226,461 237,335 
17 ---------- 669, 1 07 713 ,653 799,992 85 1 ,9 12  
1 8  ---------- 1 94,232 205,664 1 46,861 1 50,765 
19 ---------- 1 25 ,3 1 5  1 34,071 95,760 98,006 
20 ---------- 1 1 1 ,600 1 1 6,340 89,6 1 8  89,390 
21 ---------- 1 59,000 178 ,768 88,423 95,262 
22 ---------- 95,889 98,374 53,1 76 54,866 
23 ---------- 1 70,093 2 1 1 ,362 96,378 1 20,000 
24 ---------- 1 67,758 1 84,4 1 8  9 1 ,349 99,970 
25 ---------- 1 ,464,793 1 ,760,630 75 1 ,405 888,269 
26 ---------- 445 ,474 463,5 1 5  242,7 17  2 5 1 ,7 1 5  Total ____ 1 3,69 1 , 1 04 1 4,868,623 1 0,832,984 1 1 ,564,000 
Rail 
1 
Ci J = . 0008 Xi J + . 0464 x]J ; R = . 98 
Truck 
C1 J = . 0015 Xi J + . 0226 x]J ; R = . 98 
where Cj is the cost per pound of shipping meat 
from region i to region j and Xij is the distance in 
miles between region i and region j. 
Transport rates were then estimated for each 
of these functions and the minimum rate in each in­
stance was employed in developing the effective rate 
structure. In general, the truck rate function was 
used for distances less than 1200 miles. 
2. The 1960 Transport Rates. 
In order to generate transport cost functions 
for 1960, samples of rail and truck rates were obtained 
from the Traffic Department of John Morrell and 
Company. Since it was thought that the transport 
rate might vary depending on the direction of ship­
ment, the observations were partitioned into East and 
West samples. A square root functional form was 
postulated and the least squares method of estima­
tion was employed with the following results: 
Rail West Shipments 
1 
Ci j = -1 .0021 - .00036 Xi j + . 1177 Xfj ; R = . 96 
Truck West Shipments 
1 
Ci j = - . 1039 + . 0001 Xi j + . 0670 Xfj ; 
Rail East Shipments 
1 
Ci j = - . 4345 + . 00006 Xi j + . 0750 Xfj ; 
Truck East Shipments 
1 
Ci j = - . 6203 - . 00007 Xi j + . 0805 Xfj ; 
R = . 99 
R = . 86 
R = . 94 
The definitions of Cj an<l Xij are as previous! y 
specified. Transport rates for each of the designated 
pairs of points were estimated for each of these func­
tions and the minimum rate applicable was employed 
in developing the effective rate structure. In each 
case the estimated rates for the shipments moving 
west were higher than for the east shipments for the 
same mileage. As a result of the above estimated 
functions, truck rates were predominantly employed 
to reflect the rate structure. 
TH D K ·TA S 
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E. Regional Livestock Slaughter. 
Regional slaughter data for beef, veal, pork, 
and lamb and mutton for the years 1955 and 1960 
consist of commercial slaughter estimates published 
by the USDA and estimates of farm slaughter based 
on reported numbers of animals slaughtered on 
farms. All quantities of meat are assumed to be avail­
able at the demand and supply points of the regions 
which are designated in the previous section on re­
gional demarcation. 
The live weight commercial slaughter for each 
state was converted to dressed weight by using the 
U. S. average dressing yield for federally inspected 
slaughter.1 6 Regional estimates were obtained by 
summing the dressed weights of the component states. 
Live weight of farm slaughter for each state was 
estimated using the product: ( the number of animals 
slaughtered at the farm)1 7  times (the adjusted aver­
age live weight of animals slaughtered at the farm).18 
These live weights were converted to dressed weights 
by using the U. S. average dressing yield for farm 
slaughter :  ( dressed weight of farm slaughter) divid­
ed by (live weight of farm slaughter). 
The total quantities of the four types of meats 
available in each of the 26 regions are the sum of 
the regional commercial slaughter dressed weight 
and the regional farm slaughter dressed weight. The 
dressed weight of pork, commercial and farm, ex­
clude lard. The quantities of the different types of 
meats available for 1955 and 1960 are presented in 
Tables 14 and 15. 
IV. THE EMPIRICAL RESULTS 
Given the model and the data relating to regional 
demands, supplies and transport costs, the spatial 
analyses for each meat product for 1955 and 1960 will 
now be presented. For the purpose of presentation the 
results will be partitioned by type of meat product. 
A. Spatial Analyses for Beef. 
The results of the spatial analyses for beef vary by 
the way in which regional consumption was estimated 
and by time periods. The alternative results for 1955 
16Agricultural Marketing Service, "Commercial Livestock Slaughter," 
USDA Statistical Bulletin No. 23 1 ,  Jul y  1 95 8 ;  and Statistical Reporting 
Service, "Livestock Slaughter," U. S. Department of Agriculture, Mt. 
An 1 -2 - 1  ( 6 1 ) ,  April 1 96 1 .  
1 7Agricul tural Marketing Service, "Livestock and Meat Statistics," U .  S. 
Department of Agricul ture, Statistical Bulletin No. 230, Supplement for 
1 96 1 ; and Statistical Reporting Sen·ice, "Meat Animals," U. S. Depart­
ment of Agriculture, Statistical Bul letin No. 284 ,  May 1 96 1 .  
1bTwo Jdjustments were actual l y  made. First l iveweight estimates o f  ani­
mals slaughtered at the farm were obtained in the fol lowing manner. 
For e;ich state the average l iveweight of animals slaughtered commer­
cial ly  was adjusted by the difference : (U. S .  average l iveweight of ani­
mals slaughtered commercial ly )  minus (U. S. average l iveweight of 
animals slaugh tered at the farm) .  Next, the resulting estimates of aver­
age l iveweight of animals slaughtered at the farm were adjusted by a 
constant percentage �o that the sum of the products at the farm was· 
e(]ual  to the U. S. total l iveweight of slaughter at the farm . 
... 
are reported first and fol lowed by the analyses for 
1960. 
1. The Beef Flow Results for 1955 
a. Results based on urbanized consumption 
estimates. 
Given the regional demands of Table 5 and the 
regional supplies of Table 14, the excess regional de-
mands and supplies are given in Table 16. In Table 16 
the deficit regions are given at the top of the table and 
the surplus regions are given along the side. Given 
Table 14. Regional Commercial and Farm Slaughter, Dressed 
Weight, 1955 
Lamb and Regions Beef Veal Pork Mutton 
(000 Pounds) 
1 1 50,846 23,405 129,322 1 4,30 1  
2 1 ,235,573 208,997 9 12 ,487 1 1 8 ,842 
3 1 99,858 40,367 4 16,000 1 , 127 
4 1 68,245 23,760 73,425 27 
5 244, 1 65 37, 1 92 306,28 1  70 
6 1 66,3 1 3  59,785 1 74,547 1 07 
7 345,922 55 ,806 423,257 9,250 
8 630,264 3 1 ,565 564,027 10 ,752 
9 376,884 27,999 523,3 1 4  7,562 
10  453, 1 1 2  69,290 225,3 1 5  38,847 
1 1  1 , 144,679 96,699 963,045 38,462 
12  505,547 99,675 449,294 6,35 1 
1 3  1 39,008 82,662 93,076 261  
14  537,680 39,409 550,304 3 1 ,049 
1 5  1 ,088,587 72 ,073 1 ,752,925 69,087 
1 6  84 1 ,71 1 56,502 860,942 46, 19 1  
17  958,2 1 3  340,719 408,268 46,202 
1 8  645,745 48,071 377,861 24,865 
1 9  1 ,053 , 1 80 12,587 572,0 17  55 ,878 
20 277,343 8,744 388, 192 33,656 
2 1  474,195 13 ,9 19 93,655 42 ,665 
22 57,559 3 ,65 1 39,1 58  1 ,539 
23 8 1 ,870 1 0, 157  28, 1 36 6,785 
24 1 83,896 1 0, 124 58,483 23 ,028 
25 1 ,337,570 87,623 294,964 1 1 2 ,749 
26 393,136 25 , 103 1 54,705 1 9,066 
Total __ 13 ,69 1 , 1 0 1  1 ,585 ,884 10 ,833 ,000 758,719 
these excess demands and supplies and the transport 
costs, the spatial flow pattern for beef in 1955 that 
would minimize the total transportation cost was de-
rived. The flow quantities consistent with this objec-
tive are reported in the body of Table 16. A picture of 
these optimum geographical flows is given in Figure 
1. The shaded areas represent surplus regions and the 
lines emanating in the surplus regions indicate the 
direction of beef flows. The numbers appearing on the 
lines indicate the quantity of flow involved in each 
case. 
Table 15. Regional Commercial and Farm Slaughter, Dressed 
Regions Beef 
1 124,440 
2 1 ,229,572 
3 2 12,875 
4 1 62,230 
5 1 95 ,606 
6 250,723 
7 300,557 
8 687,202 
9 389,070 
1 0  430,546 
1 1  873,676 
12  62 1 , 1 05 
1 3  1 44,024 
1 4  645,885 
1 5  1 ,562,092 
1 6  886,542 
1 7  928,628 
1 8  681 ,667 
19 1 ,280, 1 1 8  
20 286,365 
2 1  624,637 
22 78,729 
23 120,347 
24 264,8 1 7  
25 1 ,462,486 
26 424,633 
Total __ 14,868,572 
Weight, 1960 
Lamb and Veal Pork Mutton 
(000 Pounds) 
20,909 86,829 12 ,678 
1 52 ,202 889,250 1 06,359 
37,093 537,097 1 ,366 
27,388 79,009 47 
29,567 349,7 1 1 1 02 
49,047 239, 1 03 1 65 
34, 1 75 590,268 12 ,205 
1 6,9 1 7  599,699 7,823 
1 6,256 726, 1 36 9,720 
40,580 2 1 7, 1 76 35,269 
37,234 784,007 22 , 147 
79,695 493,922 9,096 
61 ,843 93,357 255 
1 5 ,77 1 5 8 1 ,552 28,9 17  
47,724 2,095,348 72 ,463 
29,267 8 1 7,037 52,8 1 0  
292,367 367,767 57,433 
27,080 4 18 ,430 1 4,3 1 3  
4,997 609,234 54,081  
3,427 352,879 28,763 
4,795 92,072 75,039 
2 ,440 46,695 1 ,776 
6,068 36, 1 09 7,425 
6,228 68,839 2 1 ,01 1 
58,296 225,2 1 8  1 23,1 80 
1 3,056 1 67,256 19 ,734 
1 , 1 1 4,422 1 1 ,564,000 774, 1 77 
Table 16. Excess Demand and Supplies and Optimum Shipment Pattern and Price Differentials, Urbanized Model, Beef, 1955 
Destinations Excess supplies 
Origins 2 3 4 5 6 7 8 9 10  13  22 23 25 26 ( 100,000 lbs.) U; a 
1 1  -- - --------- ---- 2330 2330 0 
1 2  ---------------- 1 1 48 280 1 428 - . 1 8  
1 4  ---------------- 1 1 93 1 1 93 - .40 
1 5  ------ ---------- 3255 4434 528 82 1 7  - .65 
1 6  ------------ - - -- 5254 5254 - .75 
1 7  ---------------- 607 934 1 3 1 0  2 8 5 1  - .55 
1 8  -------------··-- 3207 886 247 60 4400 - .66 
1 9  - ---- -- -------- · 7658 137 1 387 9 1 82 - .9 1 
20 - --------------- 1 028 45 1 1 479 -1 .47 
2 1  ---- ------------ 1220 1 082 143 624 3069 -1 .70 
24 ---------------- 75 75 - .82 
Excess 
Demands ______ 665 1 17346 3344 607 886 1 1 8 1  60 2580 528 2610  13 10  45 1 1 082 143 699 39478 
V; a 2 . 1 5  1 .75 1 .74 1 .90 1 .20 .87 .7 1 .92 .54 .83 .39 -.33 . 1 8  1 .05 1 .03 
a The u i and V j are given in terms of cents per pound. 
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For the urbanized consumption estimates, the 
Cornbelt was the dominant surplus area and the 
East Coast the dominating deficit area. The major 
flows were Regions 11 (Illinois), 12 (Wisconsin),  and 
14 (Missouri) to 19 (Nebraska) shipping to the East ; 
Regions 20 (North and South Dakota) and 21  (Colo­
rado) shipping both east and west ; and Region 24 
(Idaho, Nevada and Utah) shipping to the west. The 
total shipments involved are 3,947.8 million pounds. 
Thus, it is estimated that approximately 28 percent 
of the total supply of meat is involved in interregional 
trade. The total transportation cost for these ship­
ments was estimated to be 90.3 million dollars. 
The set of regional price differentials consis­
tent with this optimum flow pattern is given in the 
last column ( Ui) and last row ( Vj) of Table 16. 
Region 11 (Illinois) was chosen as the base region 
and all price differentials are computed relative to 
this base. The price differentials for the surplus 
regions measure the comparative price advantages of 
these regions relative to Region 11 (Illinois). For ex­
ample, beef is worth 91 cents per hundred more in 
Region 11  than in Region 19 (Nebraska) because of 
its proximity to the deficit regions of the East. There­
fore, Region 11 has a comparative price advantage of 
91 cents per one hundred pounds over Region 1 9. 
The price differentials for the deficit regions give the 
delivered price differentials relative to Region 11. 
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For example, the price of beef is $2.15 higher in 
Region 1 (New England) than in Region 1 1. The re­
sulting price differentials are the competitive equili­
brium differentials that would exist if the surplus 
regions sold their excess supplies to the deficit regions 
at the maximum possible gain. These estimated price 
differentials suggest that beef prices will be highest 
on the East and West Coasts and lowest in the Great 
Plains. The estimated per capita consumption of beef 
varied from a low of 54.6 pounds in Region 3 (North 
Carolina, Virginia and West Virginia) to a high of 
109.5 pounds in Region 22 (Montana and Wyom­
ing). 
b. Results based on regional demand relations. 
The results for beef analysis using the esti­
mated regional demand relations are given in Table 
17 and Figure 2. The total shipments for this analysis 
was 4,012.8 million pounds and the transportation 
cost was 92.5 million dollars. 
Except for Region 7 (Kentucky and Tennes­
see), which in this analysis became a surplus region 
shipping to the southeast, the basic flow pattern re­
mained t h e same as in the previous model. The 
regional prices (pi, pj) that resulted from this model 
are given in the last row and column of Table 17. The 
estimated per capita beef consumption for this analy­
sis ranged from a low of 51.3 pounds in Region 5 
Table 17. Excess Demand and Supplies, Optimum Shipment Pat tern, Prices and Price Differentials, Demand Relation Model, 
Beef, 1955. 
Destinations Excess Supplies 
Origins 2 3 4 5 6 8 9 10  13 22 23 25 26 ( 100,000 Jbs) U, a P, a 
7 40 1 47 1 87 - .23 64.67 
1 1  1 52 1  1 52 1  0 64.44 
1 2  73 1477 1 550 - . 1 8  64.26 
1 4  1336 1336 - .40 64.04 
15 ------------ 4579 3356 509 8444 - .65 63 .79 
1 6  5435 5435 - .75 63 .69 
1 7  574 470 8 1 7  1 030 2891 - .99 63.45 
1 8  2960 1 555 45 1 5  - .66 63.78 
1 9  891 6  363 9279 - .9 1 63 .53 
2 0 ------------ 1 2  7 4 383 1 657 -1 .47 62.97 
21 ------------ 635 882 1 272 363 3 1 52 -1 .70 62 .74 
24 ------------ 1 6 1  16 1  - .82 63 .62 
Excess 
Demands __ 6488 1 7780 3363 574 6 17  8 17  289 1  509 2998 1 030 383 882 1 272 524 40 128 
V j a ________ 2 . 15  1 .75 1 .74 1 .46 .98 .43 .92 .54 .83 -.05 -.33 . 1 8  1 .05 1 .03 pj a -------- 66.59 66. 19  66. 1 8  65 .90 65 .42 64.87 65 .36 64.98 65.27 64 .39 64. 1 1 64.62 65 .49 65 .47 
aThe Uh Vj, and Pi and Pj are given in units of cents per pound. 
( Georgia and South Carolina) to 111.3 pounds in 
Region 25 (California). Table 17 and Figure 2 should 
be interpreted as before. 
c. Results based on income adjusted consump­
ton estimates. 
Since the results of this analysis are virtually 
the same as for the analysis using regional demand 
relations, the flow table and diagram will not be re-
·� - --- � --
Figure 2. Optimum Shipment Pattern of Beef for 26 Regions of the U. S. with Consumption 
Based on Demand Relations, 1955. 
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peated. The consistency of these two analyses lends 
some credence to the use of the aggregate demand re­
lations as a basis for specifying the regional demand 
relations. 
d. Results assuming Oklahoma and Texas are 
consistent with the Western Census Region 
consumption levels. 
The results based on urbanized consumption 
Figure 3. Optimum Shipment Pattern of Beef 
for 26 Regions of the U. S. with Consumption 
Based on Urbanization Weighted Estimates and 
Texas and Oklahoma in the West, 1955. 
estimates with Oklahoma and Texas grouped in the 
Western Census Region are given in Table 18 and 
Figure 3. Associating Region 17 (Texas and Oklaho­
ma), with the West resulted in a large increase in 
consumption and shifted this regon to the deficit cate­
gory. Regions 7 (Kentucky and Tennessee) and 25 
(California) became minor surplus regions due to 
the large increase in the level consumption in Region 
17. The total beef flows are approximately 150 million 
pounds less than for the previous analyses and the 
total transport cost is reduced over four million dol­
lars. 
When the income adjusted consumption esti­
mates, with Region 17 assumed in the Western Cen­
sus Region, were used, the only basic change which 
occurred was that Region 25 again became a deficit 
region. 
Table 1 8. Excess Demands and Supplies, Optimum Flows and Price Differentials, Urbanization Model with Texas and Okla-
homa in West, Beef, 1 955. 
Destinations Excess Supplies 
Origins 2 3 4 5 6 8 9 10 13 17 22 23 26 (100,000 lbs.) U; a 
7 -------------- 60 60 .46 
1 1  275 2366 2641 0 
1 2  -----·-------- 1 55 1  1 55 1  - . 17  
1 4  -------------- 1336 1 336 - .39 
1 5  -------------- 4990 2937 381 8308 - .64 
16  -------------- 5362 5362 - .74 
1 8  -------------- 413  528  7 12  1084 94 1 793 4471 - .65 
19 6480 2748 9228 - .90 
20 -------------- 1 1 07 4 16  1 523 -1 .46 
2 1  424 1597 10 17  88  3 126 -1 .43 
24 1 35 1 35 - .55 
25 3 1 8  3 1 8  - .49 
Excess 
Demands ____ 6372 16330 3 161  528 772 1084 2277 381 2366 1 2 17  1 597 4 16  10 17  54 1  38059 
V. a J ---------- 2 . 1 6  1 .75 1 .75 2.05 1 .2 1  .88 .93 .55 .83 .96 .33 -.32 .45 1 .30 
a The V i and Vj are given in terms of cents per pound. 
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Table 19. Excess Demands and Supplies, Optimum Flow s and Price Differentials, Urbanization Model, Beef, 1960. 
Destinations 
Origins 2 3 4 5 6 7 8 
1 2  
14 709 835 
15 ---------- 229 1 0468 
16 _________ _5498 
1 7  275 
1 8  729 1 617  543 1 795 
19 8542 2868 
20  __________ 1260 
2 1  ---------- 524 1257 
24 ----------
Excess 
Demands 75 1 1  19010  3597 1532 16 17  543 709 2630 
vj a ----- 1 .42 1 . 19  1 . 17  1 .30 .82 .57 .45 .61 
a The Ui and Vj are given in units of cents per pound. 
2. The Beef Flow Results for 1960. 
a. Results based on urbanized consumption 
estimates. 
Results based on urbanized consumption esti­
mates for beef in 1960 are given in Table 19 and Fig­
ure 4. The basic flow pattern was much like that for 
the urbanized consumption analysis for 1955. The 
total interregional shipments for this analysis for 
1960 were estimated at 4,747.4 million pounds ( ap­
proximately 32 percent of the total supply) and the 
·� 308 
Excess Supplies 
(100,000 
9 10 1 1  1 3  22 23 25 26 lbs.) U; a 
1 1 5 1  1 175 2326 0 
670 22 14 - .25 
2204 12901 - .44 
5498 - .50 
1499 1774 - .36 
4684 - .45 
1 14 10  - .61 
308 1568 - .91 
1 1 86 785 665 4417  -1 .07 
682 682 + . 10  
670 3355 1 175 1499 308 1 1 86 1 467 665 47474 
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.28 .58 -.17 .15 .06 .49 1 .04 1 .03 
transport cost was estimated to be approximately 89 
million dollars. This decrease in total transport cost 
was due mainly to a general decrease in transport 
rates between 1955 and 1960. 
Since in this analysis Region 1 1  ( Il linois) is 
deficit, the base region was changed to Region 12 
(Wisconsin) .  Estimated regional per capita beef con� 
sumption varied from a low of 55 pounds in Region 
3 (North Carolina, Virginia and West Virginia) to 
108.4 pounds in Region 22 (Montana and Wyoming) .  
b. Results based on regional demand relations. 
The results of this analysis are given in Table 
20 and Figure 5. The flow pattern changed only slight-
1 y from the previous results with the exception that 
Region 6 ( Alabama and Mississippi) is in the self­
sufficient category. The total flows were estimated to 
be 4,879.2 million pounds and the total transportation 
cost was approximately 9 1  million dollars. Since de­
mand relations were used, both the estimated regional 
prices and price differentials are given in Table 20. 
The estimated per capita consumption ranged from 
48 pounds in Region 6 to 1 1 1  pounds in Region 25 
(California) 
c. Results based on income adjusted consump­
tion estimates. 
Once again the results of the analysis u�ing de­
mand relations and income adjusted consumption 
estimates were virtually the same. Therefore, since 
the results add no new information, they are omitted. 
Table 20. Excess Demands and Supplies, Optimum Flows, Prices and Price Differentials, Demand Relations Model, Beef, 1960. 
Destinations Excess Supplies 
Origins 2 3 4 5 7 8 9 10  1 1  1 3  22 23 25 26 (100,000 lbs.) U; a P; a 
12  
1 4  827 831 607 
1 5  9942 
16 _________ _5 1 57 5 1 6  
1 7  1 068 
1 8  1468 1201 209 1  
1 9  9424 2036 
20 __________ 1504 
2 1  ---------- 655 328 
24 ----------
Excess 
345 2072 
3 1 63 
1081  
24 1 7  
2265 
1 3 105 
5673 
2 1 49 
4760 
1 1460 
197 1701 
91 1 2 1 75 389 4458 
804 804 
l)ernands 73 1 6  1 9882 3504 1396 1201  827 2922 607 3508 2072 1081  197 9 1 1  2979 389 48792 
vj a ______ 1 .41 1 . 1 9  1 . 1 7  1 .29 .82 .45 .61 .28 .58 -. 17  . 1 4  .05 .48 1 .03 1 .02 
Pj a ______ 79.78 79.56 79.54 79.66 79. 19  78 .82 78.98 78.65 78.95 78.20 78.5 1 78 .42 78 .85 79.40 79 .39 
aThe Vi, VJ, and Pi and Pj are given in units of cents per pound. 
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0 78.37 
- .25 78. 1 2  
- .44 77.93 
- .5 1 77.86 
- .37 78.00 
- .45 78 .82 
- .61 77.92 
- .92 77.45 
-1 .08 77.29 
+ .09 78.46 
Table 21 .  Excess Demands and Supplies, Optimum Flows, and Price Differentials, Oklahoma and Texas in West, Beef, 1960. 
Origins 2 3 4 5 6 
Destinations 
7 8 9 10  1 1  13 
Excess Supplies 
(100,000 
17 22 23 25 26__ lbs.) U, a 
1 2  1 595 856 245 1 0 
235 1 -.22 
1 2988 -.44 
5606 -.50 
4753 -.39 
1 1 455 -.61 
1 4  589  1 762 
15 ---------- 398 1 0553 523 1 5 14 
1 6  _ ________ 5 606 
1 8  1 402 1 502 445 1 404 
19 745 1 3413 28 563 
20 __________ 1 226 272 1 12 1 6 1 0  -.91 
1 109 205 395 4476 -.88 2 1  2767 
24 
Excess 
745 745 -.29 
Demands 7230 1 8004 3413 1 430 1 502 445 589 2325 523 3 1 09 856 1 404 2767 272 1 1 09 950 507 46435 
vj a ______ 1 .76 1 .53 1 .5 1  1 .76 1 .22 .97 .82 .98 .64 .92 .24 1 .03 .66 .40 1 .02 1 .57 1 .56 
a The Vi and Vi are given in cents per pound. 
d. Results assuming Texas and Oklahoma are 
grouped with the Western Census Region. 
The results of this analysis are given in Table 
21 and Figure 6. Basically the flows and price differ­
entials are the same as in the previous analyses with 
the exception that Region 17 (Texas and Oklahoma) 
is a deficit region. This, of course, is due to the large in­
crease in the level of consumption when Texas and 
Oklahoma are shifted from the Southern to the West­
ern Census Region. The estimated total shipments for 
this analysis were 4 ,64 3.5 million pounds with an 
·+-272 - - -- -
Figure 6. Optimum Shipment Pattern of Beef 
for 26 Regions of the U. S. with Consumption 
Based on Urbanization Weighted Estimates and 
Texas and Oklahoma in the West, 1960. 
20 
associated transport cost of approximately 86 million 
dollars. 
3. A Comparison of the 1955 and 1960 Results. 
There were no drastic changes in the structure of 
flows when the results for 1955 are compared with 
those for 1960. The percent that the flows are of the 
total product increased from an estimated 28 percent 
in 1955 to 32 percent in 1960. Relative to 1955, all 
regions increased consumption in 1960 with Califor­
na and Region 2 (Delaware, Maryland, New Jersey, 
New York, Pennsylvania, Washington D.C.) leading 
all regions. Relative to 1955 all regions west of the 
Mississippi River increased their supplies in 1960. 
Of these regions Iowa and Nebraska experienced in­
creases of 473 and 227 million pounds, respectively. 
Illinois led the decreases in supply with a reduction 
of 271 million pounds. Increases or decreases in region­
al slaughtering facilities were the main reasons for 
these supply changes. The changes in regional con­
sumption and supply are given in Table 22. 
B. Spatial Analyses for Veal 
As in the case of beef, spatial analyses for veal were 
completed for the years 1955 and 1960. However, for 
veal only the urbanization weighted regional con­
sumption estimates were generated for each year. 
1 .  The Results for 1955. 
Using the urbanized regional consumption esti­
mates, the excess demands and supplies and optimum 
geographical flows and price differentials are given 
in Table 23 and Figure 7. In 1955 the West and North­
east were estimated to be the deficit regions for veal. 
There were 14 surplus and 12 deficit regions and 
Regions 16 (Minnesota) and 17 (Texas and Okla­
homa) provided the connecting links between ship­
ments east and west. The total interregional flow of 
veal was estimated to be 592.56 million pounds ( ap-
Table 22. Estimated Changes in Regional Consumption and 
Supply (Slaughter Volume) from 1955 to 1960 for Beef and 
Pork. 
Beef Changesa Pork Changesa 
Region Supply Consumption Supply Consumption 
(000 Pounds) 
I ---- - 26,406 + 59,620 - 42,493 + 32,038 
2 ---- - 6,001 + 160,446 - 23,237 + 88,977 
3 ---- + 13,01 7  + 38,305 + 12 1 ,097 + 32,697 
4 ---- - 6,0 1 5  + 86,533 + 5,584 + 93, 1 09 
5 ---- - 48,559 + 24,509 + 43,430 + 20,6 1 0  
6 ---- + 84,4 1 0  + 20,552 + 64,556 + 15,33 1 
7 ---- - 45,365 + 19,559 + 1 67,0 1 1  + 13 ,066 
8 ---- + 56,938 + 6 1 ,879 + 35,672 + 33,979 
9 ---- + 12, 1 86 + 26,374 +202,822 + 13,955 
10 ---- - 22,566 + 5 1 ,959 - 8 , 139 + 28,861 
1 1  ---- -271 ,003 + 79,497 -179,038 + 46, 1 53 
1 2  ---- + 1 1 5,558 + 25,783 + 44,628 + 14, 175 
1 3  ---- + 5 ,0 1 6  + 23,897 + 281  + 19,830 
14 ---- + 108,205 + 6, 1 09 + 3 1 ,248 391 
1 5  ---- +473,505 + 5,232 +342,423 + 747 
16 ---· + 44,83 1 + 20,487 - 43,905 + 1 0,889 
17 ---- - 29,585 + 78,045 - 40,501  + 63,224 
18 ---- + 35,922 + 7,646 + 40,569 + 3,059 
19 ---- +226,938 + 4,052 + 37,2 17  + 1 ,341 
20 ---- + 9,022 + 1 80 - 35,3 13 - 1 ,348 
21 ---- + 150,442 + 15 ,58 1  - 1 ,583 + 8,328 
22 ---- + 2 1 , 1 70 + 6,79 1 + 7,537 + 3,2 1 2  
23 ---- + 38,477 + 48,788 + 7,973 + 27,038 
24 ----- + 80,92 1 + 20,240 + 1 0,356 + 1 0,488 
25 ---- +124,9 1 6  +257,306 - 69,746 +138 , 174 
26 ---- + 3 1 ,497 + 28, 1 02 + 12 ,55 1 + 13,459 
a A plus sign indicates an increase from 1955 to 1960. 
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proximate! y 38 percent of the total supply) and the 
estimated total transport cost was 16. l million dollars. 
The price differentials relative to Region 1 1  ( Illi­
nois) varied from a low of -1 .47 cents per pound in 
Region 17 to a high of 2.43 cents per pound in Region 
26 (Washington and Oregon). Per capita consump­
tion varied from 4.43 pounds in Region 6 (Alabama 
and Mississippi) to 15.31  in Region I (New Eng­
land). 
2. The Results for 1960. 
Since there was a considerable reduction in veal 
supplies from 1955 to 1960, major changes occurred 
in the estimated flow pattern for 1960 (Table 24 and 
Figure 8). Regions 11 (Illinois), 14 (Missouri), 19 
(Nebraska) and 20 (North and South Dakota) shift­
ed from surplus to deficit regions, while Region 3 
(North Carolina, Virginia, West Virginia) shifted 
to a surplus region. The total estimated flows for 1960 
were 473.09 million pounds ( over 42 percent of total 
supply) and the total estimated shipment cost was 
9.5 million dollars. The price differentials varied from 
-.90 cents per pound in Region 17 (Texas and Okla­
homa) to 1 .75 cents per pound in Region 26 (Wash­
ington and Oregon). Per capita consumpton varied 
from an estimated 3.10 pounds in Region 6 (Alabama 
and Mississippi) to 9.73 pounds in Region 1 (New 
England). 
C. Spatial Analyses for Pork 
As in the case for beef, several alternative regional 
consumption estimates were generated for each time 
period. The results for each type of consumption 
estimate will now be presented and compared. 
1. The Results for 1955. 
a. Results based on urbanized consumption 
estimates. 
The results for pork when regional consump­
tion estimates weighted by urbanization groups are 
used are given in Table 25 and Figure 9. As might 
be expected, the regions in the Cornbelt are surplus 
and this pool of excess supplies is used to satisfy the 
excess demand requirements of the East, South and 
West. 
Region IS (Iowa) which shipped pork both 
south and east and Region 19 (Nebraska) which 
shipped pork both south and west acted as the con­
necting links in the flow pattern. The estimated total 
interregional flows of pork were 4, 162.9 million 
pounds ( approximately 40 percent of total supply) 
and the total estimated shipment cost was $92,522,196. 
The price differentials ranged from -.74 cents per 
pound in Region 16 (Minnesota) to 3.07 cents per 
pound in Region 25 (California). Per capita regional 
consumption varied from 55.9 pounds in Region 1 
(New England) to 74.7 pounds in Region 4 (Flori­
da). 
Table 23. Excess Demands and Supplies, Geogra phical Flows and Price Differentials, Veal, 1955. 
Dest;nations Excess Supplies 
Origins 
4 --------------
5 
6 
7 
1 1  
1 2  
1 3  
1 4  
15  
1 6  
17  
18  
1 9  
20  
Excess 
6455 
3954 
2 1 44 
2 
1 94 
430 
3690 
2675 
3 1 34 
389 
22094 
3 8 
473 
28 16  
3006 
9 
7 1  
1 1 05 
1 0  
55  
229 
21 22 
4 1  
350 
1 64 
4 
23 
68 1 
24 25 
505 2990 
26 
1607 
( 10,000 lbs.) 
1 94 
903 
3690 
2675 
55 
6684 
5950 
7 1  
5059 
2883 
279 1 8  
3006 
1 64 
4 
U; a 
- .55 
- .05 
- .52 
- . 1 5  
0 
- . 1 8  
-1 .2 1 
- .42 
- .65 
- .76 
-1 .47 
- .67 
- .8 1 
+ .03 
Demands ____ 12553 32606 473 5822 
vj a ---------- 2 . 1 5  1 .74 1 .26 .90 
1 176 284 41 5 1 8  681 505 2990 1607 
.54 .83 .29 1 . 1 7  .76 1 . 1 5  1 .79 2 .43 
59256 
a The Vi and Vj are given in cents per pound. 
b. Results based on regional demand relations. 
The excess demands and supplies, geographi­
cal flows and prices, and price differentials that re­
sult when regional demand relations are employed 
are given in Table 26 and Figure 10. The surplus 
and deficit regions were the same as in the previous 
analysis and there were only minor differences in 
the direction and volume of flows. The total estimated 
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interregional shipments were 4,148.2 million pounds 
and the associated transport costs $91,973,093. Since 
demand relations were employed, equilibrium region­
al prices (pi, pj) were computed and are given in 
Table 24. The estimated regional per capita con­
sumption ranged from 54.4 pounds in Region 23 
( Arizona and New Mexico) to 73.57 pounds m 
Region 4 (Florida). 
Figure 8. Optimum Shipment Pattern of Veal 
for 26 Regions of the U. S. with Consumption 
Based on Urbanization Weighted Estimates, 
1960. 
c. Results based on using Western Census 
Region consumption estimates for Oklaho­
ma and Texas. 
By considering Oklahoma and Texas in the 
Western Census Region, the estimated consumption 
decreased in Region 17 (Texas and Oklahoma) by 
approximately 21  percent and increased in all other 
regions by about 2 percent. However, even with this 
change in regional consumption no changes occur-
red in the surplus and deficit position of the regions 
and only very minor changes occurred in the flow 
pattern. Relative to the first analysis, the total esti­
mated interregional flows decreased by about 40 
million pounds and the total shipment cost increased 
by approximate! y $350,000. The increased cost re­
sulted from the transport cost savings in shipments 
to Region 17 (Texas and Oklahoma) being out­
weighed by the additional expense of supplying the 
increased consumption in the other deficit regions. 
Table 24. Excess Demands and Supplies and Optimum Geographical Flows and Price Differentials, Veal, 1960 
Destinations Excess Supplies 
Origins 2 8 9 10 1 1  14 19 20 21 22 23 24 25 26 (10,000 lbs.) U; a 
3 476 476 + .94 
4 782 782 - .35 
5 9 16  9 1 6  - .01 
6 32 1 6  32 1 6  - .33 
7 1360 1360 + .09 
1 2  459 1 135 984 3061 5639 0 
13  2 14 1  2336 4477 - .73 
15  _________ _3068 255 3323 - .40 
1 6  ---------- 344 247 371 962 - .46 
1 7  __________ 4755 13450 540 776 483 3 1 59 1542 24705 - .90 
1 8  423 1 030 1 453 - .35 
Excess 
Demands 8 1 67 2098 1 4578 1 135 984 306 1  1 030 255 247 540 371 776 483 3 1 59 1 542 47309 
vj a ______ l .32 1 .07 .57 .20 .44 -.24 -.53 -.29 .35 .45 1 .00 .76 .99 1 .33 1 .75 
a The Vi and Vj are in cents per pound. 
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Table 25. Excess Demands and Supplies and Optimum Geographical Flows and Price Differentials, Urbanized Consumption 
Model, Pork, 1955. 
Destinations 
Excess Supplies 
( 10,000 
Origins 2 3 4 5 6 7 8 10 13 17 22 23 24 25 26 lbs.) U; a 
9 1 4427 
1 1  2733 
12 1 8900 
14 5019  20009 
15 _________ _4 1 440 33377 15004 1 5058 1 28 1 1  3742 
1 6  63376 
1 8  
1 9  
20 
2 1  
Excess 
7096 
28505 
25 198 9439 
23012  
7945 7268 3638 28626 
1 486 1 8338 9630 
2 1 1  
2 1 523 + .34 
3 1238 0 
1 8900 - . 17  
25028 - .22 
1 56069 . - .64 
63376 - .74 
23012  - .24 
47477 - .44 
29454 - .42 
2 1 1 + .45 
l)einands 4 1440 1 1 8386 2943 1 20077 1 28 1 1  20009 3742 7096 28505 25198 40396 1 486 7479 3638 46964 9630 4 16288 
vj a ______ 2.16 1 .76 1 .82 2 .28  1 .39 1 . 1 2  .87 .90 .83 1 .29 1 .08 .72 2 .33 1 .62 3 .07 2 .38 
a The Ui and Vj are in cents per pound. 
A picture of the flows under this analysis is given 
in Figure 11. 
2. The Results for 1960. 
a. Results based on urbanized consumption 
estimates. 
The results for this analysis are given in Table 
27 and Figure 12. Relative to the 1955 analysis, in 1960 
Region 7 (Kentucky and Tennessee) changed to a 
surplus region and Region 21 (Colorado) changed 
Figure 9. Optimum Shipment Pattern of Pork 
fol" 26 Regions of the U. S. with Consumption 
Based on Urbanization Weighted Estimates, 
1 955. 
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to a deficit region. The basic flow pattern was essen­
tially the same as in 1955. The total flows were esti­
mated to be 4,629.4 million pounds (again approxi­
mately 40 percent of total supply) with an associated 
transport cost of $88,660,375. Although total ship­
ments increased, the effect of lower tranportation 
costs decreased total cost by over 3.8 million dollars 
when compared to 1955. The price differentials, rela­
tive to Region 11 (Illinois), varied from -.58 cents 
Figure 10. Optimum Shipment Pattern of Pork 
for 26 Regions of the U. S. with Consumption 
Based on Demand Relations, 1955. 
per pound in Region 16 (Minnesota) to 2.54 cents 
per pound in Region 25 (California). Estimated per 
capita consumption varied from 54 .6 pounds in 
Region 1 (New England) to 73.5 pounds in Region 
4 (Florida). 
b. Results based on regional demand relations. 
The results of this analysis agree quite closely 
with the previous analyses. Total estimated ship­
ments are 4,537. 1  million pounds and the total trans­
portation cost is $87,237,580. Estimated regional per 
capita consumption varied from 52.7 pounds in 
Region 23 ( Arizona and New Mexico) to 72 pounds 
in Region 4 (Florida). The direction and magnitude 
of the interregional flows for this analysis are given 
in Figure 13. 
c. Results based on Western Census Region 
consumption estimates for Oklahoma and 
Texas. 
The flow results for this analysis are given in 
Figure 14. No changes occurred in the structure of 
the surplus and deficit regions and the geographical 
Table 26. Excess Demands and Supplies and Optimum Flows, Prices and Price Differentials, Demand Relations Model, Pork, 
1955. 
Des tin a tions Excess Supplies 
Origins 2 3 4 5 6 7 8 10 13 17  22 r• __ ., 24 25 26 (10,000 lbs.) U; a P, a 
9 1 2 4 5 5  8622 2 1 077 + .33 53 . 54  
1 1  2 85 5 1 2 8 5 5 1 0 5 3 .2 1  
1 2  732 1 7 1 2 6  1 437 1 9295 - . 1 8  5 3 .03 
1 4  5472 1 9509 249 8 1  - .23 52 .98  
1 5  ---------- 4 1 497 56276 1 4 1 86 1 242 1 3493 24468 4024 1 56365 - .65 52 .56 
1 6  63448 63448 - .75 52 .46 
1 8  23 1 00 23 1 00 - .25  52 .96 
1 9  1 2048 6300 3287 2 599 1 47626 - .45 52 .76 
20 1 402 1 9654 880 1 29857 - .43  52 .78  
2 1  524 524 + .44 5 3 .65  
Excess 
Demands � 4 1 497 1 2045 6  295 8 1  1 9658 1 242 1 1 9509 3493 8622 29988 24468 3 9 1 72 1 402 6824 32 87 45645 880 1  4 1 4824 
Vi a ______ 2 . 1 5  1 .75 1 .8 1  2 .27  1 .3 8  1 . 1 1 . 86  .89 .83 1 .2 8  1 .07 .'7 1  2 .32 1 . 6 1  3 .06 2 .37 
Pi a ______ 5 5 .36  54 .96 5 5 .02 5 5 .4 8  54 .59 54 .32 54 .07 54 . 1 0  54 .04 54 .49 54 .2 8  53 .92 5 5 .53 54 .82 56 .27  5 5 .5 8  
aThe Vi, Vj , and Pi and Pj are. given in  cents per pound.  
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flows. Total estimated flows under this specification 
decreased 49.2 million pounds. 
3. Comparison of 1955 and 1960 Results. 
The basic structure of the flow pattern remained 
stable over the two time samples. Regions 2 (Dela­
ware, Maryland, New Jersey, New York, Pennsyl­
vania, Washington, D. C.), 4 (Florida) and 25 (Cali­
fornia) were estimated to have experienced signifi­
cant increases from 1955 to 1960 in pork consumption. 
In terms of supply, Iowa increased approximately 
340 million pounds and Illinois decreased approxi­
mately 180 million pounds. As in the case of beef 
supply, the entry and exit of slaughtering plants were 
the major determinents of these regional supply 
changes. The changes for each region from 1955 to 
1960 for both consumption and supply are given in 
Table 22. 
D. Spatial Analyses for Lamb and Mutton 
1. The 1955 Analysis. 
The results of the 1955 analysis for lamb and 
mutton are given in Table 28 and Figure 15 . This 
analysis resulted in 14 surplus and 12 deficit regions. 
The slaughter of lamb and mutton was more evenly 
distributed across the country than for any of the 
other meat products analyzed. The deficit regions 
were predominantly in the Northeast and Southeast 
regions. Regions 20 (North and South Dakota) and 
Figure 1 1 . Optimum Shipment Pattern of Pork 
for 26 Regions of the U. S. with Consumptions 
Based on Urbanization Weighted Estimates and 
Texas and Oklahoma in the West, 1955. 
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2 1  (Colorado) were the connecting links between 
shipments east and west. The total interregional flows 
of lamb and mutton were estimated to be 333.4 mil­
lion pounds and the estimated total transportation 
cost was $8,466,277. The price differentials, relative 
to Region 12 (Wisconsin), ranged from -1 .62 cents 
per pound in Region 21  (Colorado) to 1 .53 cents per 
pound in Region 1 (New England). Estimated per 
capita consumption ranged from .3 pounds in Region 
6 ( Alabama and Mississippi) to 1 1 .3 pounds in Region 
25 (California) . 
2. The 1960 Analysis. 
The results for 1960 are given in Table 29 and 
Figure 16. There were no changes in the structure 
of the surplus and deficit regions and the flows rela­
tive to 1955. The total estimated flows increased to 
371.5 million pounds but due to lower transport rates 
the estimated total transport cost decreased to 
$7,568,639. The estimated price differentials, relative 
to Region 12 (Wisconsin), ranged from -1 .34 cents 
per pound in Region 21  (Colorado) to 1 .21  cents per 
pound in Region 1 (New England). 
V. SUMMARY AND IMPLICATIONS 
In this study the minimum cost flows of beef, veal, 
pork, and lamb and mutton among 26 component 
regions of the U. S. were determined by a linear pro-
Figure 12. Optimum Shipment Pattern of Pork 
for 26 Regions of the U. S. with Consumption 
Based on Urbanization Weighted Estimates, 
1960. 
gramming transportation model. Regional price dif­
ferentials consistent with the optimum set of flows 
for each product were also derived. 
Since regional consumption data are not avail­
able, it was necessary to generate these estimates by 
synthetic means. Five alternative sets of regional con­
sumption were developed for beef and three for pork. 
Regional consumption estimates for beef are as fol­
lows : (a) urbanization weighted with Oklahoma and 
Texas considered in the South, ( b) urbanization 
weighted with Oklahoma and Texas considered in 
the West, ( c) adjusted by regional per capita dis­
posable income with Oklahoma and Texas in the 
South, ( d) adjusted by regional per capita disposable 
income with Oklahoma and Texas in the West, and 
( e) demand relations with adjustments for per capita 
income, census region and prices. The major differ­
ence among the sets of estimates occurs when Okla-
. homa and Texas are considered to have consumption 
habits consistent with the Western Census Region. 
Table 27. Excess Demands and Supplies, and Optimum Flows and Price Differentials, Urbanized Consumption Model, Pork, 
1960. 
Destination Excess Supplies 
Origin 2 3 4 5 6 8 10  13  17  21  22 23 24 25 26 ( 10,000 lbs.) U; a 
7 1 1 23 1 0529 1 1 652 + .27 
9 1 1353 2059 1 6927 1 540 404 1 1 +.09 
1 1  8720 8720 0 
1 2  2 1 945 2 1 945 - . 1 4  
1 4  1 5087 1 3 1 05 28 1 92 - .24 
1 5  1 0925 1  27707 1 4048 24006 9385 5839 190236 - .5 1 
1 6  ________ 48893 9003 57896 - .58 
1 8  26763 26763 - .22 
1 9  78 1 365 1 46632 5 1 064 - .34 
20 1 053 1 5285 9720 26058 - .33 
Excess 
Demand 48893 1 29607 20591 28830 1 0529 1 5087 6927 32205 27153 50769 78 1 1 053 9385 365 1 67756 9720 462937 
vj a ____ 1 .68 1 .46 1 .42 1 .76 .92 .97 .5 1 .78 1 . 1 5  1 .28 1 .09 .98 2 .09 1 .69 2 .54 2 . 14  
a The V i and Vj are in cents per pound. 
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Figure 13. Optimum Shipment Pattern of Pork 
for 26 Regions of the U. S. with Consumption 
Based on Demand Relations, 1960. 
Figure 14. Optimum Shipment Pattern of Pork 
for 26 Regions of the U. S. with Consumption 
Based on Urbanization Weighted Estimates and 
Texas and Oklahoma in the West, 1960. 
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Relative to specification (a) total beef consumption 
for specification ( b) in Oklahoma and Texas increas­
ed by about 70 percent. As a basis for the adjustment 
coefficients for specifications ( c) and ( d), mcome 
consumption relations were derived for each census 
region from data from the Household Food Con­
sumption Survey. 
The sets of estimates for pork include specifica-
tions (a), (b), and (e). The major difference occur­
red between (a) and ( b). Relative to specification (a) 
considering Oklahoma and Texas in the West, the 
estimated consumption in this region decreased by 
approximately 21  percent. One set of consumption 
estimates, weighted by urbanization groups, was 
generated for veal and one set of estimates based on 
USDA data was developed for lamb and mutton. 
Table 28. Excess Demands and Supplies and Optimum F lows and Price Differentials for Lamb and Mutton, 1955. 
Origins 
7 --------------------
9 
1 0  
1 2  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 
2 1  
24 
26 
Excess 
557 
3 1 52 
3249 
1 57 
Demands __________ 7 1 1 5  
vj a ---------------- 2 .23 
2 
1 840 
2708 
395 1 
1 398 
2 1 76 
4977 
3 
482 
88 
4 5 
1 1 69 350 
17050 570 1 1 69 350 
1 .83 1 .52 1 .07 .59 
a The Vi and Vj are in units of cents per pound. 
Destinations 
6 8 1 1  
1 47 
86 
759 
673 
1 44 
144 906 759 
.04 .94 .35 
29 
13 22 
1 62 
52 
23 
1 87 
25 
3228 
1 336 
3 1 2  
1 62 52 1 87 4876 
-.44 -.25 .26 1 . 1 3  
Excess Supplies 
(10,000 lbs.) 
482 
1 47 
557 
86 
2599 
6533 
395 1 
33 1 1  
2 1 76 
4977 
3301 
3572 
1 336 
3 12 
33340 
+ .0 1 
+ .38 
+ .58 
0 
- .38 
- .57 
- .67 
-1 .38 
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-1 .39 
-1 .62 
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Table 29. Excess Demand and Supplies, and Optimum Flows and Price Differentials for Lamb and Mutton, 1960. 
Destinations Excess Supplies 
Origins 
7 --------------------
9 
I O  
1 2  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 4  
26 
Excess 
2061 
2790 
2408 
Demands __________ 7259 
vj a ---------------- 1 .49 
2 
1 807 
4824 
2559 
2590 
1 13 1  
4823 
3 
455 
77 
4 5 6 
340 
1 465 1 33 
1 7734 532 1 465 340 1 33 
1 .27 1 .08 .82 .38 . I O  
a The Vi and Vj are in  units o f  cents per pound. 
Variations in the results of the spatial analyses for 
beef occur by time periods and for the different con­
sumption estimates used. The directional flows of the 
optimum flow pattern for 1955 and 1960 are very 
similar; however, some substantial differences occur 
in the quantities of beef involved. In both 1955 and 
1960 optimum solutions, Region 20 (North and South 
Dakota) and Region 21 (Colorado) shipped beef 
8 
370 
2 1 0  
607 
1 1  
364 
2067 
13  
1 60 
22 23 
26 
282 
25 
4 103 
1 095 
398 
(10,000 lbs.) 
795 
370 
2 10 
364 
24 14  
689 1 
4620 
4425 
1 13 1  
4823 
2 8 1 6  
6793 
1 095 
398 
+ .27 
+ .20 
+ . 1 6  
0 
- .58 
- .70 
- .77 
-1 . 1 8  
- .73 
- .87 
-1 . 1 8  
-1 .34 
- . 1 7  
- .73 
1 1 87 243 1 1 60 26 282 5596 
-.33 . 1 3  .56 1 . 1 1 
37145 
.62 . 1 4  
3 0  
eastward and westward-namely the East Coast, the 
West Coast, the Montana-W yarning region, and the 
Arizona-New Mexico region. All other excess supply 
regions shipped in one direction, either eastward or 
westward. For both 1955 and 1960, optimum ship­
ments from the Cornbelt states were eastward. The 
optimum shipment patterns are very similar for 
regional consumption estimates based on urbaniza-
tion weighting with the Oklahoma and Texas region 
assumed in the South and estimates based on regional 
demand relations. When the Oklahoma and Texas 
region is considered in the West and the higher con­
sumption levels of the Western Census Region are 
assumed to apply, substantial differences occur in the 
optimum shipment pattern. In both 1955 and 1960 
the Oklahoma and Texas region changed from an 
excess supply region to an excess demand region. The 
deficit in this region was fulfilled by shipments from 
Colorado. Also, the destinations and volumes of ship­
ments from the regions along the western border of 
the Cornbelt changed substantially. Results such as 
these are indicative of the types of changes which 
may occur in the future if population shifts geo­
graphically, regional incomes increase at different 
rates, and changes occur in consumer preferences. 
The total beef shipments in the optimum solution 
for 1960 when consumption was based on the ur­
banization weighted estimates were 4,747.4 million 
pounds and the total transportation cost was 89 mil­
lion dollars. Using consumption estimates based on 
regional demand relations resulted in total shipments 
increasing to 4,879.2 million pounds and total trans­
portation cost increasing to 9 1 .0 million dollars. Con­
sidering the Oklahoma and Texas region in the West 
yielded approximately 100 million pounds less of beef 
shipments and total transportation cost was reduced 
over 3 million dollars. The optimum beef flows for 
1955 exhibited a similar pattern among the three sets 
of consumption estimates . The total U. S. beef pro­
duction was approximate! y 1.2 billion pounds greater 
in 1960 than in 1955 and the total optimum beef flows 
increased approximately 800 million pounds from 
1955 to 1960. Due to lower transportation costs, geo­
graphical shifts in production, and geographical shifts 
in consumption, the total transportation costs associ­
ated with the optimum beef flows in 1960 was ap­
proximately 1 .5 million dollars less than in 1955. 
Region 11 (Illinois) was chosen as the base region 
for the 1955 beef analysis. Illinois had the greatest 
comparative price advantage of all the surplus regions 
when consumption was based on regional demand 
relations or estimates weighted by urbanization. This 
is largely because of its proximity to the deficit regions 
of the East. Colorado and the North Dakota-South 
Dakota regions had the least comparative advantage 
in 1955. Some of the highest delivered price differ­
entials relative to Illinois occurred along the Atlantic 
Coast from New England to Florida. When con­
sumption is based on estimates weighted by urbani­
zation and the Oklahoma and Texas region is con­
sidered in the West, the Kentucky-Tennessee region, 
with a relatively small beef surplus, had the greatest 
comparative price advantage and was followed by the 
Illinois, Wisconsin, and Missouri regions. Colorado 
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and the North Dakota-South Dakota regions still 
continued to have the least comparative advantage 
relative to other beef surplus regions. The regions 
with the highest beef price per one hundred pounds 
continued to be located along the Atlantic Coast. 
In the analysis for 1960, Illinois was a deficit 
region. The Idaho-Nevada-Utah region had the 
greatest comparative price advantage when consump­
tion was based on estimates weighted by urbaniza­
tion or regional demand relations. This region was 
followed by Wisconsin, Missouri, and the Oklahoma­
Texas regions. Colorado and the North Dakota-South 
Dakota regions had the least comparative price advan­
tage; however, their relative positions were greatly 
improved over what they were in 1955. The regions 
along the Atlantic Coast continued to have the high­
est beef price per one hundred pounds followed by 
regions along the Pacific Coast. When consumption 
was based on estimates weighted by urbanization and 
the Oklahoma and Texas region in the West, Wiscon­
sin had the greatest comparative price advantage and 
was followed by Missouri and the Idaho-Nevada­
Utah region. The relative position of Colorado was 
greatly improved. The regions with the highest price 
of beef remained as before. In general, the spread of 
price differentials among surplus regions was less in 
1960 than in 1955. 
The urbanization weighted estimates of consump­
tion provided the basis for the spatial analyses of veal. 
Major changes occurred between 1955 and 1960 in 
the estimated flow patterns of veal. Much of the dif­
ference between 1955 and 1960 can be attributed to the 
large reduction in veal supplies. In 1955 the excess 
supply regions were located in the Midwest and 
Southeast while the deficit areas were in the North­
east and West. The estimated total interregional flow 
of veal in the optimum allocation was 592.6 million 
pounds and the total transportation cost was approxi­
mately 16. 1  million dollars. In 1960 the total estimated 
flows were 573. 1  million pounds and the total cost was 
approximately 9.5 million dollars. The large reduction 
in total transportation costs is due to the interaction 
of several factors including lower transportation 
rates, reduced supplies, and shifts in the geographical 
location of supply and consumption. Regions in the 
Cornbelt such as the Dakotas, Nebraska, Missouri, 
and Illinois which were excess supply regions in 1955 
became deficit areas in 1960; however, regions in 
the Northeast and the West continued to be the 
major deficit areas. In 1955 the North Dakota-South 
Dakota region had the greatest comparative price 
advantage followed by Illinois, Georgia-South Caro­
lina, Kentucky-Tennessee, and Wisconsin regions. 
The Oklahoma-Texas region had the least compara­
tive price advantage of all excess supply regions. The 
deficit regions with the highest veal price were loca-
ted in the Northeast and Northwest. In 1960 the 
greatest comparative price advantage had shifted to 
the North Carolina-Virginia-West Virginia region 
followed by the Kentucky-Tennessee, Wisconsin, and 
Georgia-South Carolina regions. The Oklahoma-Tex­
as region continued to have the least advantage of all 
excess supply regions. Regions in the Northeast and 
West continued to have the highest delivered price 
differentials. 
The optimum spatial flows of pork in 1955 and 
1960 were estimated for three sets of regional con­
sumption estimates. Regions located in the Cornbelt 
were surplus for both years and supplied the excess de-- mand requirements of regions in the East, South and 
West. The optimum flow patterns were very similar 
for the three sets of regional consumption estimates 
for each of the two time periods considered and there 
were only minor differences between the optimum 
flow patterns for 1955 and 1960. In 1955 the total in­
terregional flows of pork were approximate! y 4 .2 
billion pounds and total shipment cost was approxi­
mately 92 million dollars. In 1960 the total optimum 
flows were approximately 4 .6 billion pounds and 
total transportation cost was approximate! y 88 million 
dollars. From 1955 to 1960 Colorado shifted from a 
surplus region to a deficit region and the Kentucky­
Tennessee region changed from a deficit to a surplus 
region while all other regions were the same in 1960 
as in 1955. In 1955 Colorado had the greatest com­
parative price advantage of all excess supply regions 
for pork and was followed by Indiana and Illinois. 
In 1960 the Kentucky-Tennessee region had the 
greatest comparative price advantage and close to it 
were Indiana and Illinois. For both 1955 and 1960 
Minnesota and Iowa had the least comparative price 
advantage and the regions with the highest delivered 
price differentials were located along the Atlantic 
Coast, the Northeast in particular, and in the West. 
The stability of the results from the pork analyses 
suggest that the comparative advantage of regions 
and the spatial pattern of interregional flows is not 
likely to change much even with substantial changes 
in the location of consumption. 
The slaughter of lamb and mutton was more 
evenly distributed among the regions than any of 
the other three meat products analyzed. Only the 
urbanization weighted estimates of consumption 
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were considered. Major deficit regions in both 1955 
and 1960 were located in the Northeast and South­
east although California and the Arizona-New Mexi­
co regions were also deficit areas. The optimum ship­
ment patterns were similar for 1955 and 1960. In both 
years Colorado and the North Dakota-South Dakota 
region shipped both eastward and westward and act­
ed as the connecting link between shipment east and 
west. The total interregional flows of lamb and mut­
ton in 1955 were estimated to be 333.4 million pounds 
and the total transportaton cost was approximately 8.5 
million dollars. In 1960 the total flows in the opti­
mum shipment pattern were 371.5 million pounds 
and the total transportation cost approximately 7.6 
million dollars. In both 1955 and 1960 Michigan had 
the greatest comparative price advantage of the sur­
plus regions followed by the Indiana, Kentucky­
Tennessee, and Wisconsin regions. Of the excess sup­
ply regions Colorado, North Dakota-South Dakota, 
and Oklahoma-Texas regions had the least compara­
tive price advantage. The regions with the highest 
delivered price differentials were located in the North­
east. 
These spatial analyses provide information for 
decision making at all structural levels. In particular 
the results from these analyses suggest how changes 
in transportation costs and the geographical distri­
bution and level of population, income, and supply 
might alter regional meat prices and flows. The price 
effects of these outcomes may then be used as a basis 
for resource adjustments in producing and processing 
firms. In addition, information is provided about the 
present and potential competitive price position of 
one region relative to another. From the standpoint 
of processing and distribution firms, the information 
provided by the analyses should be helpful in decid­
ing among alternative geographical destinations of 
product shipments and in assessing the consequences 
of alternative geographical locations of processing 
facilities. The results of these analyses provide one 
standard for judging the efficiency of the pricing and 
distribution system for meat. Until more complete 
data become available on regional consumption and 
the interregional flows of meat, analyses of this type 
provide one operational way of describing the spatial 
characteristics of the meat sector and ascertaining the 
probable consequences of alternative courses of actions 
or disturbances. 
